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X HE Authors of Original Papers in the present Volume, 
are, Davies Giddy, Esq.^M. f*.; Mr. O. Gregory; Mr. Wil¬ 
liam Close; Mr. John Daltori; W. N.; Mr. Charles Young; 
Mr. J. Stodart; Count Rumford, V. P R. S.; Mr. G, I. 
Singer; J. P.; T. S. Traill, M. D.; G. Cumberland, Esq.j 
Mr. S, Clegg; Mr. Dalton ; T. I. B.; T. Plowman, Esq.; 
E. A.; N. D. Starck, R. N.; -John Gough, Esq.; A Cor¬ 
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Wright; Thomas Northmore, Esq.; Dr. Beddoes; Mr. 
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Mr. William Bartram; Thomas Andrew Knight, Esq.; Rev. 
D. Pape; William Herschel, L. L. D. F. R, S.; Charles 
Hatfdictt, Esq. F, R. S.; T. C. Hope, M.D. F. R. S. Ed, 
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PREFACE. 


Of the Engravings, the Subjects are, 1. Apparatus for 
raising Water, by Mr. Close. 2. Furnace for bending Wood. 
3, 4. Blowing Engine by the Fall of Water at Poullaouen. 
5,6. Apparatus for analysing Vegetable Soils, by H. Dayy, 
lEsq. 7. Diagrams to explain the Doctrine of Heat, bji* 
Count Rumford, V. P. R. S. 8. Magnified Representation 
of Insects found on Corn, by G. Cumberland, Esq. 9. An 
improved Steam Engine, by Mr. Clegg. 10. Simple Register 
Thermometers. 11. The Framing employed to raise the 
Roof of Clapham Church. 12. An improved Sheep Fold, 
by T. Plowman, Esq. 13.^ Applicative Compass, by Capt. 
Starck, R. N. 14. Section of a Drain, by J. C. Curvvcn, 
Esq. 15. Diagrams to illustrate a Series of Propositions re 
specting a Division of the Circle, by Mr. John Cough ] !"• 
Schemes exhibiting the Positions of the new Planet Juno, by 
Dr. Herschel. 17. Mr. Pape’s Improvement of Rye Har¬ 
bour. 18. A new Air Pump, by Mr. Wiiglst ol America. 
19. New Valve and Parts of a condensing Syringe for the 
Gases, by Mr. Cuthbertson, with which Mr, Northniorc’'^, 
Experiments were made. 20. A very simple and improve^; 
Graphometer, by Mr. Bancks. 


Soho Square, London, January ]S0C, 



A DVEnn^EMEXt. 


irilE Pah'om and Friends of the Philofophleal Jnur^iaf ant. 
refpeSfull^ informed^ that this work will in /uiurc Cf^njifi of jix 
Jhtets of matter injiead of five in each nionhcw, i ^^^cther with a 
fupplementayy number to each volume; and ilvif the phties zeiil 
be fo managed us to contain a larger number of nibjects erecuted 
in the b(fi ftile, Thefc improvementsy ihoifgh attended u ilh ad- 
ditional expence^ are fiich as the Editor has thought it his duly to 
adopt; in order that the very extcyyjire covimuyiication^ xetth which 
the Joujmal has been hoyxoi^edy^night not pycrent hiny fyoyn givifjg 
all the foi'eign difcovei'ies and fuch other gcyicy'al intcllgenre as 
the natui'c of the plan demands. It zcill eafily be feen (hat the 
additional copy/ xoill by this meayis aynoioit to one half more than 
the former quantity; ayidit is imncceffayy to point oui the great 
advantages which mufi refultfy^oni fitch ayi addition. I'he Editor 
takes this occajion to y'epeat his ackywwledgnienis for (he encou^ 
ragement which has been giveyi to h*is cxcrtiojysj partirularly 
within the lajl twelve moyiths, in which the Jah: has nearlu 
doubledThe quantity of uy'igmal matter continues to mertaje^ 
and amounts to more than halj of the whole worl Great pati 
of the remainder covjifts in Joreigyi articles yicicr Inf ore publtjheU 
in this countryy together with fame caty^acis and abf idgwents froyn 
our bejl academical tranfaciions. The zehole publication may 
therefore be conjidered as origmaly fmcc it is never madi up by 
extrafis from the periodical xoorks of this countryy u hiehj on the. 
conti'tiryy veiy frequently copy fy'ovi its contents. 


^ It has been neceflarj^ to reprint a confiderable part of the former volumeii 
in order to make complete fets, which may now be bad^ or any fingle numbeia 
or volumes, from the commencement. 
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ARTICLE I. 

letter>om Da vte« QiX}ov,Efq. Af.P. 

Fad qf the invijiblt Emiffion qf Steam end Smoke together 
the Chimnejf qf a Furnace ; thpugh^ither qf them, if Jiparettl^ 
emitted, it vi_^le qs t^ual. 

To Mr. NICHOLSON. 

8IR« Clifton, Augujl 6, ISOS* 

Travelling, and a variety of occapatioan, have hKPeevIhrAAt' 

therto prevented me from fending you an account of die cir.^*| ^,|? f^ jjV ^ 
cnmftances oMerved by myfelf others, daringltir^tall^Tivvidtw* 
ing of an engine on Mr. Trevithick's condre^op, at MerAyn®*^ **•'"*• 
Tidwell in South Waleit. and ^ Which I had the pleafure of 
T f b ii pg to Jbne. Ump finicti Sohtt Square. I noir 
(ranlinit pr of commenta or 

attempts at ex{dantion. 

’klBr,'. TrayithieW 

ppepo^ of moving waggon^ pM^Wvd 

to R|OTr '4 

•sdighlM he polGbly enda»lifewcoiwo^^ 

Tons who might affid, ^ witneA an e^i^ent, TIub 
fer conveying off thS fadAe. aiid'affd^gW|iraft, was igade 
Vpu XILL.SsvTKtiitin, ISOS. IS of 




% IKVUtBLK BMtSitOV Qt SVtAM AKD SMOtCC. 

iron; and tba fieaBi« whids Wholly efcapes from tbfCt 
uncoiKiciided*. wiu, imnduQ^ inio the fame tube^ 
fteau fi)ot above ita infertiOQ into the boiter; therefore many 

t^wiTi^te die and beyond the regiAer. When the engine 

many beg^ |o iiiove« it;«m foon:rl$iiarked that mnfher fledm n<^ 
ftnotejwere fecn to URiefrom the flue: and when frefti coal 
STelther fmeke was added« noUung. mor^ than a faint white cioad became 
^^tomareie Apparent, and that only for a Ihort time; nor were drops ot 

11^ vtfible any where. It was prt»pofed, tliat the regiOei 
AftwfcV ShouldT» (lowly doled 5 and a< this was done« a condenlalion 

^ fleam manifefied itfelf at a iVnall diflance from the chimney^ 
was vifibie,^and and finally appeared in the fame quantity, as if it had pro* 
Xe *^***^®^ immediately from the boiler. The experiment was 
liiti^ewasvi* then reverfed. Tlie fleam was gradually confiMed to the 
fl**i** boiler; when fmoke^became more and more vifible, till it 

equalled in quantity and appearance that commonly produced 
by a fimilar fire: and tbefe trials were alternated a great 
The draft up number of times, with unvarying foccefs, Laftly, it became 
inc«afed"byThe ^ tnatler of fpeculatioti, whether or in what degree the draft 
admiffioiiof the was affiefied by the admiflion of fleam ihlo liie flue. To 

afcertaln this, every one prefent looked as attentively as 
pofSbIe into the fire-place; while the engine moved at the 
rate of a few flrokes in a mhiute; and all agreed in de¬ 
claring, that the fire brightened each time the fleam ob¬ 
tained admiflion into the chimney, as the engine made its 
flruke* 

I am. Sir, 

Your very faithful humble fervant^ 

DAVIES GIDDY. 




n. 

On a Meteoric Stone that felt in the Nei^hourhood of 
in Arn^n,- in 1T?3, Jy'FrqftJbr Vuovsr 

The author bei^s his paiprr by forae previous hifloribal 
the jfo Oow qoeftioi^ that flones have fallen ftww 

SS^aftsr atmofplaefe in jdiffettttt pwts of ihd world. The ancienti 




Abridged from^ the,Journal,de Pbyt^ue, fvr March 1805, 


mentibA 



bR MittORiC STONES'. $ 

' ^ V 

feMtiOo it as having oecarredat various tioaes^ and later agCHl 
have recorded Ihe time pwt atUlienticated circamffances of 
fereral fucb incidents. In miro^trdays. Hones or mineral l>odie| 
termed meteoric, have been collided in tl^ £e!l In^icf, 

Afnerfta, Scbtt^nd,'England,')^ra^e, I^jr, Hungary, and sadln dlpy ^ 

laftly III Spain; and that notMng may be vi^ntihg in fatord ^ aiadd. 

convince thoiRe who refiife their aiTent tb the cts^bd tefthnony 

of all ages and alt countries, miture^appears to have purpofeljr 

ordered a repetition of this Aitprlfing phenomenon; ndlongCi^ 

ago than the 2Sth of April, jSOS, a (bower of thefir fiohes Shower of ibasa 

covered a fpgce of ground two miles long and above a mile ^ 

broad, near PAigle in Normandy. The French Inflitnle ixn« 

^ mediately nominated a commiffioner, to examine into (he fadt 
on. the. fpot, to take the depofitions of witneileSf compare 
them Wfth the circumHances, and briftg^ome Of thb flones to 
Paris. 

As the iird thing t?Fbe done with a new^mineralogical Tub- Aiulyfit of 
fiance, is, to analyfeit; the Prefidentof the Royal Society 
London, and feveral other gentlemen who bad fucb Hones in Howard^ 
their colledions, put them into the hands of Mr. Howard, a 
Member of the Society, that he might fubjed them to chemical 
examination. He found topis great furprife, that all thefewhofotuidthem 
Hones, from the remoteH qiutrterif of the gl^, contained 
the fame principles, difiering only in proportion; and, whattSea, 
was Hill more Hriking, that they all contained iron combined 
with nickel, a compound to be met with among none of the 
mineials in any part of the globe with which we are acquainted. 

Vauqueltn has (ince confirmed by repeated experiments, tbe 
accuracy of Mr. Howard’s obfervations. All men of (cienccTbey have 
have hence been led to conclude, that tbefe Hones mufl bavt* *httdbre • 
a common origin; but whence they originate w the 
Do they belong to that earth on which they frill ? are they bat whsamli 
formed in tbe atmofphere itfelf I Of haW they been pnqeOed 
from lunar volcaaoesi On fentiments are 

divided; and the argumefits by Dr. lasam, 

in his Lkhoiogic Atmo^kiriqHe, ^ . 

One of thefe Honet has coJhi?®6n 

Madrid ever fince. n73«;r^:Tbfr dlowed'M..i.y‘ 

Mr* P. to analyfe, leavit^. the in the 

colledtion for .the iatisfrt^qn of ilie^ctfriow. The foitovTinl^ 
tetter wai fetrt wiih lf # Manud^^ R^jida, Miniitec of 

States by the^capteinV^eral of SaragoHii. 

B2 "lO 



^ OK MSTBOllIC STOK£»; 

^ Account^^'its ** In November !aft ari extraordinary occurrence, faid to 

have happened on the Seventeenth of that Month ii^ a ploughed 
i^eld at Sena, a village in the dtllrjfi of Sigena, was the h)b* 
jefl of convertation in this city. 

'* The tky being perfectly ferene, three reports refohibling 
(hofe of cannon were heyd, and followed by tlje fall of a 
fione weighlt^ nine pounds and one ounc'e, at a little diflance 
from two labouring men. One of them went up to it, but 
the flrong fmell it emitted (lopped him a moment. 

Recovering from his furprife Iw went nearer, raifecl it up 
with bis rpade, and waited till it was fuSirienlly cold for him 
to carry it to the village, where he delivered it tp the 
prielt. 

** From inquiries made tmmediately afterwards on the fpot, 
and among the people in theneig^ourhuud, it appears, that 
the noife in the aVand ia)l of the flnne were not accompanied 
with any fiorm, or wdili lightning.” 

Aftotlier mstco- To bring into one view all that is yet known of fiones (all- 
riefho^wof j(j Spain, the author fuhjoins a letter of the Bachelor 
^KoVin^Spain, Cibdadrpal, on thofe llmt fell in the village of Roa, near 

Burgos, in 14.38. 

While the King Don John ^nnd his court w'ore hawking 
near the village of Roa, the !un was concealed behind white 
clouds, and IxhIios refemUling gray and blacicifh flones were 
feen tufalllVoai the air, of fuch bulk as tooccafion the greateil 
fuq>ri(h. 

The ground After this phenomenon bad continued for an hour the 

fun rc-appeared, and tim falconers immediately rode to the 
place, which was not above a mile diftant. Tliey brought 
back inlbrinalion to the king, that the ground was fo com* 
p^ctcly covered with fiones of all fues as not to be vtfible. 

** The king would have gope thither, but his courtiers 
prevented him* oblerving, that a place cbolen by Heaven for 
the theatre of its operations might not be free from danger, 
and that he had bett^ f^i^ ftH»e of his attendanlsJ Gomez 
Bravoi the captain of bis guards, undertook (he office. He 
brought four of the (tones towhither the king had already 
retired. They wOre of^nfiderable fize: fome were round, 
and as large as a motta;r, others like pillows and (mlf-fune^uo 
aatitmely light,eKetftures (futdi as about 4dlbs weight of corn,) but 

what was mod afltnilfiimg, was their expeffive Ugbtiieis, face 
4 * W 


in the view of 
the King of 
Spain. 


I'hefe ''orts 
vrero very 
luge, 



«K METBOltrC &TONBS. 

the largefl did not weigh half a pound. Tliry were of fuch and«^/4tcnder 
a lender texture^ that they relembied the foam of the fea '**'#"* 
condenfed more than any thing. You might ilrlke on them 
with your hand without fear of bruife, or pain^ or the flightef^ 
inark^«^The king has ordered fome to be fent you, &c.^' 

It feems from this defcriplion^^at thefe fiones mufl have 
been very different from thofe of d^prefcnt day. 

The Hone of Sigena, when delivered to Mr. Prouft, weighed The ftone of 
fix pounds ten ounces. With it was a piece of three or fjur Si6<^nadc(enbcd. 
ounces,, the only one remaining of lliofe that had been broken 
from it by curious perfons. It was interfperfed with fpols of tni^fperfe-dwltk 
ruft, both externally and internally, owing probably to its 
having been immerfed in water to try the efied of that fluid 
on it. From ihefe however, fome inflru£live inferences may 
be drawn refpeSing the i^ive place of^ thefe fiones. 

Its fliape is an irregulff oval, leveu or eight inches long, Its figured- 
four or fiv e broad, and four in its great^^/l thicknefs. One fide 
is fiattilh, a little deprefTcrl in the middle/and very round on 
the edges: the other is an obtufe triedra) pyramid with un¬ 
equal fides, greatly rounded at the fummlt and on the edges*. 

Ii appears to have had the black vitreous cruft common t(i ^^hal a vitreow 
fiones of this kind, <hough from its fragility the greater part 
has fallen off in palling through ^any liands and receiving 
occafional blows, fo that none remains except in the hollow 
of the bafe, and a little on the faces of the pyramid. 

On examining this cruft it is eafy to fee, that it muft have This mufihaTfe 

been the eft'vdl of heat fubfequent to the formation of the [>««« 

t , r»ii ®y violent mo- 

ftoue, and unquvftionably very powcriul though momentary ; mentary heat 

fince the metallic and fulphureous particles immediately 

beneath the cruft had not time to change colour, or even lofe 

their luftre. 

It has all the poroftty of an aggregated mafs of Tandy it is porous, 
particles without any cement, fo that the breath will cafily 
pats through a piece held between the teeth. It will not vety horrf, 
firike fire with fleel, and the fame may be (aid of the pyrites 
it contains. * 

Its colour is a uniform blui^ ^ black fub- vf s blulfh gr;iy. 

fiance enlightened by a white: it is the hue of an earthy com¬ 
pound tinged by iron oxided at a minimum, 

' * Does this defcriptlon j^ree with what » faid above, that 
pieces have been broken from it? Apparently above a quauci of 
■ the fionc, on^mparinnits original and prefent weight. J. C. 

The 



0]r HITMKIC 


The fione ilfelf is a Tandy mafsi formed of rounded oval 
\ grains^ the largeft of which are fcarcely bigger than hemp«i 
latcrf^caii^feed, among which« are inleffperfed metaiiic and fulphu^r 
iMphuwM particles with all their primitive luflre, and particularly 

pirudcs. with that light tint of kuplj^nickel obferved in (he^^other 
Its granules tft Aones. On examining the jrtarthy grains by the microfeope, 
cryiUlJinSi perceive, that, far having been fathioned by the 

movement of water, they are globules rough with cryAaliine 
or renewing paintSj fo ths^t they can by no means be con^ 
fodlided with find. 


Hett deepened 
its colniir, 

and oxided the 
tneiiU 

G er hejit 
ruled it* 


It cofit»n«d 
anueh 


comhhied sdth 
tiickeU 


Cenftituent 
parts of the 
remamder* 



A piece o< about two inches being expofed to a red heat 
in a crucible for half a quarter of an hour was much changed : 
the fandy globules bt^caine of a daiker gray, and the metallic 
particles, divefled of (heir luftre, were vifibly oxided. 

Aixmt two ounces were heated for half an hour in a forge 

fire, which coiiYcrte^ the fluneHiio a fetnivilrcous mafs, 

« 

b'ackit'b, and A ghtly porous. It did not appear to have 
effervelced much p'^eviou" to fufon, and was int« rfperfed with 
globules of iron, which had not time to defeend, though 
upwards of a hundred grains of a tcgulus were culle&ed at 
the bottom. 

The iron attractable by the magnet was not uniformly 
mixed in the Aone, as from Tome parts 22 in the 100 were 
extracted, from others not mor% than 17, 

This iron was combined with nickel in the proportion of 
about 3 per cent. No nickel was difcovcrable in any other 
part of the Aone. 

After this alloy was feparated by the magnet, the remainder 
of the flone was found by analyfis to conliA of. 

Iron fulpburated ata • 12 

Black oxide of iron - • , - .7 

Stiex • * • • 6^ 

Magneii^ - - - - 20 

IJme and magnefia in quantities too fmall 
to be apprectsled « 


^ 103 

Kewhypo^clis. On cprtfidei'mg the rapid, alteration c( thefe flones by 
Jrohlib^ fn^hc *®®*^“*^®* * fragment kept twelve boars under water was 

foUt regions, taken out Govcr^ with fpots of ruft, which difitnguiflied the 
«grkrns of alloy from the fulphureous particles with which 
they were before confpanded;—it is dbvfous, according to the 

authdr 
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Uitbor, that (hey cannot fubfifl in any of the habitable parts 
of the globe. But from the eternal cold of the polar regi( n«, 
where water remains for ever a tblid maf^, and iron cannot 
he thinks we may reafonably look to thefe regions as ihi^ 
naliv^lace of fuch bodies, in this he intiils there is nothing 
impoflible. or even improbab^^ And why ftmuld iho^i* *bey 
meteors* he demands^ of which i^v^now neither the origin, ^er**paru*by 
the combufltbles that afford them aliment, the impulfe by mctcor«. 
which they are moved, nor the nature of the lines they 
defcribe in their courie, be iefs capable of tearing them from 
fome part of the globe, than of forming them, contrary to 
all phyfical probability, from elements which the atmofphere 
can neither create nor bold in folution ? 

* 

r-'tf.r "a '"TT" m—. 

III. 

Fiii'ther on Miichanic Poiy/ff, in Jteply to Mr, C, 

lIoTnb(o’-jiii\ in a Letter from yl/r. O, Gregory, Roifai 
Mil. Academy, 


To Mr, NICHOLSON. 

SIR, 

I AM forry to be under the neceffity of troubling you witbl’^^cfacor) 
a few obfervations for inferfion in your Journal, in confequence*^*' 
of being called upon by Mr. Hornblowcr, as though it were 
to defend fome newfangled doctrine, when the poAtions in 
my former letter, which that gentleman thinks proper tocet^.- 
fure, arc in perfefl conformity with the principles affumed or 
demonRrated by every corrcfl writer on mechanical philofopliy 
Alice it ha^ been placed upon its proper bails in the Principiae 
of Newton. The fui)je£t I am now invited to difcufs, has fo 
frequently been exhibited in the cleared light by various 
authors, both in England and on the Continent, that I fhoald 
not'think myfelf juflihed in occupying many of your pages 
by an elaborate differlation; out of regard, however, to fo 
refpeflabie a correfpondent as Mr.. H. 1 cannot help entering 
a little into the diicnffion, though 1 am, I confefs, quite unable 
to afeertain whether his lad letter is meant tooppofe my former 
remarks, and ihofe of Pfofefror Robifon witli ferious 
ipents, or is merely^ntendcd as a yea 




Mil* «RfCO|Lr MtCHAKlC .#OWK** 


It will noty I hope, be expefied that I fiiould point OQt In 
what inflances Mr. H’s remarks appear to ine completely ir» 
relative to the fubjefl in hand; or thofe in which he feems lo 
^Tfeve mifunderfiood the arguments of the late leared Profeflbr; 
fuch a procedure would only lead into farther difcuffioify^while 
I/cel i’olicitous to avoid a confeioufnefs that it would 

^e very uninterefttng to ffod of your readers. 1 (hall llrive 
to coniine mytelf, therefore, to fuch of Mr. H^s enquiries as 
bear upon tl)e point in difpute, and ibr the fake of condeniing 
my labour, fliall begin with that in his poftferipU 
Artsmtnal then, I will endeavour tO " let Mr. IT. right as lo the 

exerti n and identity of animal extriion and mechanic power;'' and to this 

Smtol 1**'*'^*^ end it will be requifite to anfwer the queftion,—what is me¬ 
chanic power ? excluding, for the prefent, that acceptation 
of the term in which ^t is underltood to denote one of the fix 
fimple machines, c Now, it is pretty obvious, that the terms 
power* force, &c, w^fen ufed in mechanical fcience are 
purely metaphoric^; for, as Proft-flbr Diigald Steward re¬ 
marks, (Elements of the Fhilqffhy of the Jfvman Mind, 
p« 202.) ** All the languages which have hitherto exilied in 

the world, have derived their origin from popular ufe; and 
their application to philofophital purpofes was altogether out 
Hafc «nd ip- of the view of thole men fii|l employed them/’ Language 

commenced atnongft fimple men, who had little, if any ac- 
power, &c. quainlance with what is now called fcicnce: and in (he 

gradual progrefs of moll nations, from the favage to the 
(bepherd itale, thence to the agricultural, and farther to the 
commercial Hate, it would be very long before they would 
think of attaching any other meaning to the terms in the dif¬ 
ferent languages, correfponding to power, force, adion, re- 
iifiance, repulfion, &C. than thofe which were mantfeflly re¬ 
ferable to the different kinds of human, or of animal exertion; 
in fubfequent times when fpientihe men began to claflify, 
* arrange, and fyfiematize the phenomena which they obferved 
in the congrefs, motiem, and mutual operation of bodies, they 
found it much eaiier lo denote the circumlUnces Ihey would 
deferibe of treat of, by a figurative application of old terrhs, 
to which fome analogous notions .would necefiarily be attached 
by every perfon, than to invent new ones, which would be 
ajigg^ed by no ideas independant of an arbitrary definition* 
Nor, in this application, was there any danger of important 

error 


Hifc ind sp* 
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«!rTor, for the things to which (he terms were appropriated 
would exhibit'tuch tpecific differences as would almoft entirely h 
pteclude the <'bance of confounding one with another; and^^// 
leave no ro*>m to fear, that when the terms were applied lA 
inanirrrfle tjeings, they w^ould concluded to exert flrenglh, 

OF to pollVfs power* as animals di^,; any more than vcc flioukl^ 
now tear being milunderftood when^we fpeak of the force of 
argument*, (he atlni^tions of benevolence, the fafclnatibus of 
beauty, or the’ lepuHive tendency of envy. Thus, frpm 
’contemplating the pioccfs of this gradual refinement, (a re¬ 
finement produced not by barren fpeculalors, but by the 
necefiarv demaiuts occafioned by the progrefs of civilization,) 
wt; Ice dial the wor<ls power and force, primarily ufed to 
denote at\imal energy, are now, by a natural extenfion 
grounded iip<m an obvious analogy, Aemployed to exprefs 
eJfiacHc^ in general. It will henr e be caly l(f aflign the proper 
phdtthiplinal atccplalion of (hefc terms, when ufed in iho 

fcienee oi inoehanic*''. Force ovpotver^ in a 

. ^ terms torcc aad 

*.i i/tru, ufidicva' 2 T hi .Juen cuhfes a aiav^e in the flute of a power, 

b' dy, uhttker ikat flute be nfl or t/irliojt. This definition docs 

not require oui enicring into any metaphyfic'ai difquifitions 

relaiivc lo the nature ot caufes, or the connection of caufe 

and I thet; that everv event br«ught about by feme caufe, 

tfici- IS, by ftunc agency, or fomelhing which precedes in the 

oi er of octurreiKv, is a truth which 1 think none will be 

diipuied to deny; but whal is the agency, or where it aflually 

refides^ we lan feidom know, except perbapsMn the cafe of 

our own voluntary adions. It is not then the bufinefs of the Fortes only 

mechanili. finely fpeaking, to enquire into the modwsnpcrflndz; 

we learn from univeifal experience, that the mufcular energy thence mufuxt^ 

of animals, the operation of gravity, efedricity, iinpafl, 

prefluie, &c. arc fources of motion, or of modifications of 

motion; and hence, without pretending to know any thing 

of the eifence of eitlier of thefe, w'e do not befilate to call 

them mechanical forces; becaufe it is incontrovertible that 

bodies expofed lo the fiee aflion of either, are pul mio motion, 

‘ or have tlie flate of their motion changed^ Fortes therefore, 

being only known to us by their effects; can only be meafured 

by the effeAs they produce in like circumflances, whether 

ihofe efle^ls be creating, accelerating, retarding, deflrtTii'flg, 

or preventing motions: and it is by comparing thefe effe^s, 

• or 





Animal s 
are a fitc'moi 
mechanic povAu 
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or by referring ihem to fome common meafore of ready ap* 
prc( lation, ihat mecbauic& is made one of the maihematical 
k-jcnccs *. 

>1 Thefe obfervatlons will enable ux to (et Mr. H. right as* 
to iht ideniiiy oi oniMuiexarfim and medians power.’’ <4*01010! 


effort'; are juftty confideredj/both by the Mathematician and 
pradical Engineer, ai^onnituting one f^ieem of mechanic 
power; when tliefe efforts give to bodies equal momenta, or 
give to equal bodres equal velocities, it is truly faid the 
animals exert equal forces; and we !ay that animal power is 
greater or lefs, as it i.i capable of imparling to bodies greater 
or lefs momenta, or as it is capable of flopping bodies moving 
with greater or Jefs momenta : and the language of fcientiffc 
men is analogous to this when they fpeak of any forces whaU 
e' er. 


Jteplyto Mr. It is now time^o proceed to Mr. Hornblower’s animadver-^ 

H’s remarks on Upon the inf)ance4 adduced (and many otijers might be 
a former ftatc- \ ^ ^ ^ 

adduced] to ff)ew fliat Mr. Smealon s meaiure of mechanical 

power apd effed is nut univerfaily applicable. I afferled. 


* That Ml. Hoinhlowcr may not itft upon the mere authority 
of any theoietic man, 1 heg to tbrov/into this note an txtra6l 
from the Mtchan que Fhdoirj.hiqm ot M, I’rony, an Engineer, who 
unites wiih a profound acquAntapee with the theory, an cxtenfive 
pradice, and whole example in this refped 1 (hould fincerely rejoice 
to fee more frequently imitated in this country. 

La natuie de cetie caufe de mouvement, nomm^e force ou 
puiffance\ nous eft tout-a-falt inconnuc: rhomme appelle force la 
faculte organique qu*il a de fe moiivoir, de s*arrerer, de produire 
ou de faiie ceffer ie niouvement des corps qui Tenvironnent ^ ct 
fans favoir en quoi coiulftc cettc faculty, il a fuppofe qu'il exiftait 
quelque chofe de femblahle dans Its agens phyfiques qui font ou 
qu*il croit etre, fur Ic globe teneftre et dans Tunivers, les caulei 
dti mouveraent de differens corps. Mais nous n'avons en me* 
canique, aucun hefoin de connaitre la nature de la force ou fiuiffance 
qui eft repi'cfentee, mefur^e ct introduite, dans Ie calcul, unique* 
ment par les rjets qn>ile produit. Ces effets fe reduifent toujours 
a des veteffes que les puiftkacea oil tendent a donner, ou out 
eftt'flivement donn^es a de ccitams mafiefi." Parmi les diverfes 


puiiTances que la natpre nous o(Gre» il en eft une tres remarquable 
dont il convient de prendre les dfets pour tenne de coniparaifon 
dyeux des autres puiffances ; cVft la Ittfanmsr terreftre a la furface 
jehiemr,'* See. p, 20* 
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tfaat a horfe fiaridin]; ftill and luftainin^ a wlikh hwng R^rpl* coMr. 

by a cord over a Bxea pu'loy, would, aher a • al <d ■*' 

time, be completely fatigued, allhcm^di ulv^r il,c 'nnnid' nor 
the weight tnoved, and that, of tonfeq oMiee, li.er« wa^ i, 
power.«Kpended, of which JMr,^S tieanni’- 'p?\-Jii) m/i ium^ (b 
an adequate meafure* Mr U thou^irli Ir. LmcU rilood i(«u 
Ip affirm, that fatigue wa^ thi' o/j/y iiKiu aiuiit or nu^hunual^ 
power expended, initcad of limit mg it to animal ttfoiLs n the 
cotmeflihn evidently required, exclaim^, w o real!) d thi^iU 
to be grave on this occ*a(ion:*' p. 268. amt argiu;' m a lcn«'l f 
exulting ftrain which favours a little, 1 am ..fa*!, or *hi 
alluded to in the French pfoverh Chuniet l< trjfm^ he u\ ant 
la mdoire! Let us, favj this gentleman, have a pojr inllcdd 
of the horle, and furely that viill not tire, and what vitfl be 
the confequence then ? why tlien there will be no piiwer 
e^jpended, and no effefl produced.” Mi. W. ii would 
feem, has forgotten that the pofl t.s reitiined in its fruiiti pn by 
a force which in this cafe oppofes that of |rravil> acinig upon 
the fufpcndcd weight. The cord rtiim ng o\i r ihe pnlit'v and 
fuftaining the weight, being iafleiaed lo the p-ft would move 
it, were it not that the rohefii e force of the ear th iii winc h i(ie 
poft IS ftxed, changes the ttaiv inioufuth the pofl would be 
brought by the aflinn of gravity, upr-n th** woij^ln, jitid is 
fufficient to retain the whole at reft, li <no poll were iei m 
loofe fand, or in a quagmire, the w eight woulo draw it away, 
and then I fuppofe, oven according to Mr. H \ noiion, there 
would be a power expcndcil, and an effefl pioduced. So 
Hkewife, in Mr, fl’s other example, of the bai hung upon the 
pin, the force of gravity is balaiu’cd bj (hecohelive ftucrof 
the wood or other matter, into v^ hicii tlie pm fixed. Bui it 
would be egregious Ir.fling to dwell much longt^i upon uch in. 
fiances as thefe. Mr, H. conceive*, if I have not complrtely 
mifunderfiood bis meaning, that there is no ** tncctian'cal 
power” that is not made up of a niaU of matter moving 
with a determinate velocity and as Tuch an opuiion mufi 
either arife from neglefiing todiferiminate b(*t w een canleai d 
. cffeQ, or from a virtual denial of the whole Jo£binr;s 
Ratios, (in which powers are excited ivilhout any motion 
being produced^) I lhall hopelo beexcuted though I waftc 
no time on a refutation of any fucb pofition, • ^ 

^ Indeed, 
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FamUiar jJluAra^ 
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Mtftake of 
ProfeiTor Robi- 

Ibn* 


Indeed, much of Mr. H’f; reafoning, not only wilhfefpeA 
to the port and ihe hat-pe/j;, but throughout his paper, Teems 
Jo rcfi upon a tacit ailmiflion (not a clire6t avowal, it is Ifue,) 
or tho erroneous notion, that forces exerted by animated 
beings, and thole optra ing ^tijrough the inierventiorfrof in¬ 


animate things, are totally dillinct, and cannot be ful)rtitated 
the one for the other, or have a fair comparifon intlituled 
between them. Whereas, on the contrary, not only the 
theory but the practice ot mechanics, pioceeds up^n the 
principle, that Iholo forces arc equal in degree, however 
dtffcrent in their origm, or various in (heir modi- of operation, 
which produce equal eflects. Thus, for a familiar example, 
in the boring of a piece of ordnance ; the borer may either 
be brought up to its proper polition in (he gun b) (he action 
of a man on thehandk^^s of a wheel, connotated with the.borer 
by rack and pinmn w^uk, or by the afliun of a weight at¬ 
tached to the farther end of a‘ lever proceeding from the axle 
of the lame w heel: and Mr, H. might as well deny the 
potKbility of the work perfoimed being (he fame in both (heftt 
cafes, as deny that a weight is kept from filling by an equal 
force, when prevented either by an animal, or b\ a fixed in¬ 
animate objedl; or deny that (bore is an expenditure of me¬ 
chanic power wdien a man ('ouifttcra^ts (he operation of gravity 
upon his arm* when cxtended.horizonlallY. While Ipeaking 
of the propijfiiion which includes any fuch denial, we may 
fafely apply to it Mr, H's own language ;—A more errone¬ 
ous propodtion was never introduced into the theory or 
praflice of mechanics,” 

Mr„Hornblower has taken (he trouble of extrafting fevcral 
palTages from the Article MACHJNKuy, Snp* Ency, Bnian, 
and among them has taken that which exhibits Profeifor 
Robifon's meafure of the exertion of a man, who walks at 
the rate of 00 feet per minute, and railes a weight of 30 
pounds. The meafure 57600, tvhich (his gentleman thinks 
enortnoufly too large, U, in (b&, too fmall, in fo far as it 
docs not include that part of the exertion required by ihe man 
to move himfelf. It was ibis omiflion of the learned ProfeiTor 
that induced me to lay down the general natement at p. 152 
of your 43d Number, though I thought it rtight be deemed 
itfricTuous if 1 fpccilied my motives in that place. But w^hen 
Mr. H. had commenced the labour of dxlrafling, it would 
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farely have been but candid to produce a paflage which ftrlkea 
with great force againfl the univerfaltiy of Mr. Stneaton’f 
meafure. at the fame time that it admits the utility of iht^r'/ 
meafure to engineers in many erffes. This paiTage is dls / 

When a weight U five pounds is employed to ^1*'^®**®** 

• . . ^ ” .1 /• , I Jjneaton s net* 

drag up a weight of three (lounds, by means of a thread • 

a pulley^ it defeends with a motion uniformly accelerated, 

four feet in the Arft fecond. Mr. Smeaton would call this an 

expenditure of a mechanical power 20* The weight these 

pounds is raifed four feet. Mr, Smeaton would call this a 

mechanical cffc6l 12. Therefore the etfe£l produced is not 

adequate to the power expended. But the fa6t is, that the 

preflurc, ftrain, or mechanical power, really exerted in this 

experiment, is neither five nor three pounds $ the five pound 

weight would have fallen 16 feet, but it falls only four. A 

force has therefore a£led on it fufbciei^ 4o niake it deferibe 12 

feet in a fecond, with a uniformly acedefated motion, for it 

has counteraded fo much of its weight. The thread was 

ilrained with a f(*rrc equal to pounds, or | of 5 pounds. 

In iik*^ manner, tite three pound weight would have fallen 

16 fuel; but it was railed four feel. Here was a change 

prcH ifcly equal to the other. A force of 3| pounds ailing or 

a mufs whofe matter is only three* will in a fecond, caiife it 

to defenbe 20 feet with a uniformly accelerated motion. Now 

5x1'^ and 3 X 20> give the fame product 60. And thus we 

icc, that titc quantity qf' motion extingmjktd or produced, and 

not the prodiiSl qf tlte weight and height, is the true unequivocal 

7neafuTe- of truchmical power ready expended, or the mecfutnicai 

qfedt ready produced; and that thefb txoo are always equal and 

oppofite^ At the fame time, Mr. Smeaton^s theorem merits 

the altention of engineers; becaufe it generally meafures the 

opportunities tliat We have for procuring the exertion of 

power. In Jhaie fenfe, Mr. Smeaton may fay, that the quantity 

of water multiplied by the height from which it defeends ia 

working our machines, Is the meafare of the power expended; 

becaufe we mufl raifetlm quantity to the dam again, in order 

' to have the fame ufe of it. It is expended, but not employ¬ 


ed, for the water at leaving the wheel is Bill able to do fbme« 
thing,” 

In oppofition to all this* Mr. H. I fuppofe, would fa^ iBat 

ibis is not a cafe in^point, becaufe, “ if the weight defeendb Smeaton boA 

quickly . 

* ^ potnc m debated 
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quickly ii is leii(^»ly compounded with another law, viz. thd 
orn-Icia'ion of' Or, adoptinj^ other language of 

Vjvi. . Sini'a:f»n, ht* rell- ifl his meafurts to the height 
Ai'tiiifti wU ch a ImhI) Jlh'xly and defrenticd, or to 

whicU It VI as Bui d, iidlt^ad of the bcidy’^ afcend- 

iitu; i>r deiccnriing Iv and equally >t moved rapidly and 
incguljil\ ; or, il' the motion was reciprocaling« the velocity 
iiu n ntnig from quietcence to a certain niagntlode, and 
(h nif to qulffceine again; or, if wc refer to the re- 
tartleti ri:e and a< teler.iied tall of heavy ftampers; in fuch 
cafes it S]ia*a!on\ mc.du/e he applicable, I with to fee its 
nunneroi ar>p!ieaiione\plainet': and if it be not univerfally ap« 
plicab.e. a point wtiicti i-*, in reality conceded both by Mr. H. 
and Ml Sineafon, iheit* is then as to this head no ground of 
ditlerencv t < tween u'-* and VFr laft letter becomes in a 
great mcafiire a Vuptvpinuis tabimr; for, admitting the want 
ot univeilahi) in the rule, i< adiniltirg all that I aflBrmed, 
Had nnt ihc ii'cafuM* been oUrn very injud'rcioufly exhibited 
a- umveiJhU a llung ehjdi Mr, Smcpton liiinfelf certainly 
never intended, I ftioiild uoi have at all referred to it in iny 
torinei paper, • 

h inav be deemed a flight ileviation from the immediate 
object of this lePer, but I''lrii(f a juftifiirble one, if I briefly 
:.r d f- nonce the furpnze expreffed by Mr. H. on account of ProlcflTor 
luisu.i -u. Kohiloji’s diflinguifliing be'ween weight and hcavinefs. 

Thai the three terms g7v/7*r(y, htavinefst admit of 

a pdpable and obvious diliin^lion, i«, in my opinion, in-- 
dubituh'e: and till this lime^ 1 imagined it was univerfally 
rev konci <»!»- giea! excellence of an accurate philofophlcal 
(iiiqiidioon. ihai i' cr^mprifed a careful diferimination of the 
vaiious acc'ptaiions o' thefe-and other terms, which were 
comrnoeU reputed fumnimous. There may, undoubtedly! 
be occalions'm wlih'h a enuiious (eli^hin from words of nearly 
lirniiar import ivav tie dilpenfed with : but there are many 
more, pariicnlailv when handling philofophical topics, where 
t IS cjifelul.choice cannot be fafely negleflcd. And an at- 
lenttoM (d’this point ap|>ears the more neceflary, when it is 
rccoilifted, thai greater part of the coniroverfies wbicfi 
have been agita'cd by men of fcience, have been rather 
than relative lo things in themfelve^. To contend for 
the ufe pf many terms to expiefs one idea,** infiead of feeking 

foa 


lo corr ' n- 
and bciifjnnffs 
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nefs snd weight* 


for adequate feparate exprefiions to denote every idea the - 
mind can fonn» is to facrifice preciiion and arcuracy at the 
ihrine of an ilUjudged fuperfluity. The comnion relemblunce ; 
between words efieemed fynonimous does not compreheriA 
the a^^fregate fignification, but fome ifulated particular at¬ 
tendant upon alb in fome fuch manner as may be traced 
individuals of the fame fpecies; there is generally one, if not 
more qualities, on which a manifell dtflindion depends; and 
the determination of fuch qualities is highly deferving Ur 
notice, not only of the linguifl, but of all who aim at phiio- 
fopfaical precifion. I have not leifure to look attentively 
over twenty-five clofely printed quarto pages, in order to find 
how Profelfor Robifun difiinguitlies heavinefs from weight. 

But the labour is unneceflary; for the difiin^ion has (jften 
been made; and I will take the liberty of delineating it in the 
words of an author who is in no danger of having his fenfct- 
ments warped .to fquare with the tenets jof any fpeculative 
mechanical fyAem: I now advert to Dr. Trufier, who in his ic- 

; r 1 i* I iU mjiric' '; h HT1- 

work on fynunimous w'ords fpeakslhus:— 

** JlcavinejSt —in the figurative fenfe the differeuce 

of tiiefe words (o extremely great, a.; needs no pointing 
out ; in the literal indeed, they are oFien confounded: con- 
ildered then in this laA fenfi^, h^ivmejs is that quality in a 
body which wc foeh and difiinguilh by iifelf: uctiiht is ilie 
meufure and degree of that qualif y, which we cannot afcerlain 
but by comparifon.—We fay aLloIulely, and in an undeter¬ 
mined fenfci that a thing is; but udnlively, and in a 
manner determined, that it is of fuch a ivclghl, for example, 
of two, three, or four pounds.—»A thoufand circumfiances 
prove the hcavintfs of the air; and the mercury determines 
its exa£l u)«g/ir.” Vol. I. p. 13.S, 

My letter has attained a much greater magnitude than was 
at firft intended, and I will now conclude it. The feiuarks 
I have been templed to offer, are founded upon the mofl 
correii interpretation I could pal upon Mr. Hornblower*s 
language; and if I have any where mifunderftoo^his mean¬ 
ing. 1 (hall be plcafed to fee that mifunderfianding candidly 
removed. I ^entertain great refpf^l .for that gentleman's 
talents as a practical engineer; Iht^ugh I cannot but think him 
completely wrong in moft of thofe remarks which have 
cafioned ibis comnhinication. 1 have replied to fuch of his 

Atidures 
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/?riAares as bore any relation to m)reirt I believe, wilhcnft 
acrimonv : but 1 liave a deeply rooted averfion to every thing 
wears the ^arb ut' controverfy^ and ardently hope the 
dircuflion on my |>ar( wilt be permitted to terminate here. 

I am, Sir, 

Your's, with much rofpefl, 

OLINTHUS GREGORY, 

Ro^al Mii. .^cademi/, 

IPoolwickf Aug^ 9, 1805* 
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De/tripiion and FffeB.s' of an Jpparatm for Water ig 

Meamof Air condiuftd in its Defient through an inverted 
■ Sgphon^ By Afr. Wu.liam CtosB. Frorn the Inventor^ 

\ 

To Mr. NICHOLSON. 

SIR, Dalton, nos. 

Iteference to the In one of my letters, fomc lime ago, I briefly noticed an 
engine.* experiment I had made, t<.» determine the practical valirc of 

the hydraulic machine, or inverted fyplion, reprefcnled and 
deferibed in the tufl volume oi the prefent furies of your Jour¬ 
nal obferving, tliaf, a( feme future perir»d, 2 might pro* 
bably tranfmit to yim a more particular account* Having 
Unce repeated the experiment, 1 now fend you a letter upon 
the fubJeA, for 1 am ol opinion that a maefnne operating upon 
the principle, when conltrucled in the manner herein de» 
feribed, will anfwcr very well, in certain fituation;:, to raife 
water for domeflic purpofec; and although it may not be com- 
petent to perform half as much work as a bucket engine by a 
forcing pump, yet it may be kepi continually employed, and 
be fubjed to very little wear, as its operation iVili almoti be 
performed without friftion. 

Dffcripdon of The inverted fyphon when applied to raife water in the 
another appara- defcijbcd in this letter, has its higher orifice placed in 

a fituation to receive both air and uatcr at the fame time* 
3iije,air being conveyed by the velocity of the aqueous column 

t# 


* See Philof, Journal, Vol. I, p.'SO, PJ. IV. 
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to the loweft part of the fyphoni and coliedled in a velTel, is 
employed as the medium for conveying preflure to raife water 
in another part of the apparatus. f 

In May 1803, 1 determined to find by experiment, und^ bp-;jg an InYfrt* 
what d^ree of preflure it would be moft advantagefms to colledl ^^fch^carriei 
thecondenfed air, and dikewife the proportion then exifiiiag djwn ai;«and 
between the two fluids moving in the fyphon. The appa-'*'“^®**^®* 
ratus confiru6ted for this purpoie, is reprefented in Platt /. 

Fig. 1. It required only a fmall fupply of water, but cc»- 
denfed the air fufficiently to be employed in the actual con* 
ilrufiion of a machine upon the principle. 

A round vertical pipe A B, half an inch in diameter, and 
22 feet 5 Inches in length, had its higlier end placed in the 
eiftern A, and its lower conncQed to a fmall oblong velTel 
C, which had an inverted glafs bottle c^.mented upon a pro* 

^cling cylinder on its upper fide. From theother end of the 
va^ afeended another vertical pipe D E, half an inch in 
diameter, and 18 feet 3 inches in length, and terminated in a 
crook, 4 feet 2 inches below the highelt part of the pipe 
A B. 

7'Iie whole apparatus being filled with water, the ciflern and this ah jc 
having a confiant (upply fufficient to keep the furface of Ihe 
fluid juft above the orifice of the pipe A B, when the orifice wateu 
ot emiffion at E was opened, the water flowing through A B, 
i arried bubbles ot air into the veflel C, which afeending, dif- 
]>lacfd the water in the bottle, and afterwards that contained 
in the veffel C, above the lower ends of the pipes A B and 
I) E. At the firft efflux, and after the defeent of every ma¬ 
terial portion of air, the jet at E was projefled feveral inches 
from tile adjutage, but its curve decreafed during the defeent 
of more sur; ior the bubbles did not rife inceftiintly into the 
bottle, but after fhort intervals of reft, diflodging two or three 
ounces of water each time, w'ith a guggling nuife, which was 
very audible to tlie perfon regulating (he fupply of the eiftern. 

After the waterdn the veftel C was deprefled to a level with 
the ends of the pipes, the denfe air carried down A B^ afeended 
through D E, and caufed frequent interruptions in the jet; 
for, expanding under a light preflure, it expelled the water 
in the higheft part of the pipe with violence, and then the 
efflux ceafed for fome lime after. • 

vot. xn.~s EPliEMBKR, 180 J. C The 
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The condenfed air, however, could any time be let out, 
by a finail pipe which was placed within the bottle, and 
optMied on the ouifide of the vetfel C, 

' The pipe A B had a joint above the bottom of the eiitern, 
to faciliiate (he trial ol mouth-picccs of various form^to find 
which the apparatus would fip (hetnoft air: and it appeared 
that no form, or poiition, conduced more to this efTe^i, than 
when the pipe was crooked at lop to receive the water in a 
ht>rizontal current, and the higher fide of its orifice was not 
more than two lines below the furface of the water in the cif- 
lern. It alfu appeared, that no lefs quantity of air was c&U 
lefleil, when the diameter ot the orihec of emilfion w’as re¬ 
duced to four lines, than when it was half an inch, 

Experiments to ^ftfjr fcveral experiments to dclcnoine the quantity of 

Water requitile to fupply the expt n lilure from the cillcrn, and 
keep the furfacf of Ijie fluid accurately at the height beft 
adapted to the operation ol tlie apparatu.s; fcveral trials were 
made to afeertain (he quaulily of air a given quanlily of water 
w'ould convey into the bottle in a given lime. The relults of 
fevcral trials on the of May 1 w* vr as follow : 

1, The fall being :K) inches, and the orifice cd einiffion four 
lines in diameter, the inverted bottle above C, holding ten 
ounce mealures of water,'was^filled with air, under the prefi. 
fare of a column 18 feet high, by 1 V pints of water flowing 
<uit at the orifice of emiflion at in 1*1*3 leconds. 2. Hy 13 
pints, in 1.33 lecond.s. .3. By l‘Jj pints, in \Q3 leconds. 
By 12 pints. 6. By tl pits, in 93 feconds. 6. By 1J* pint.s, 
in 114 leconds. 7. By 12 pints, in 102 feconds. S* By 12 
pints, in 108 feconds. 

9, The orifice of einiffion being half an inch in diameter, 
the bottle was filled by 12 pInl^. JO. By 13 pints, in J35 
feconds. 11. Bv I Jy pints. 

12, 1.3. The fall being 41 incfies, the orifice of cmiffion Four 
lines in diameter, 1 i pints filled the bottle in fecotids; and 
11 pints, in 120 focunds. 

The difference in the lime, and the quantity of effluent 
water required to fill the bottle with air, in thefe \riaW, was 


With an height 
ef feet and 
fail 50 inchc^, 

zopan:.o( Wither probably occafioncd by a portion of the air being fomclimcR 
carried down ^ ^ the higher, and at other times in the lower part 

of Uie pipe A B, at the commencement of the effufion: or, 

perhai>8. 
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perhaps, in part, bf the water in (he ciflern not being always 
of the fame height; for the ciflern Hid not overflow, but was 
fupplied with great care, fornetiTnes by a pump, and fome- 
titnes by letting water out of a vellel, alway'; keeping tli^ 
fupply filbin agitating the contents of the ciflern as much as 
poifible. Had the bottle been larger, there had probably beeh 
more uniformity in the refulls of the trials. In cflimation, 
I think, however, we fliail nut overrate the operation of this 
machine, by taking 13 pints for the mean quantity of efHueut 
water emitted while the bottle was filling with air; and then 
dedufling tho quantity expelled from the bottle, it will appear 
tiial 20 parts of water carried one of air down the ppe A B ; 
and as one <iunce meafure of condenfed air at lead was col- 


. 

Ifedled in J 4- feconds, fo 16‘ pints would «oIIefl every hour. 

Some few days after thefe experimeint^ the pipe A B was Trial with i 
leiigUtened to ^ feet 7 inches, and D to feet; but upon h 
trial, the air was carried into the ftotlle fo^much flower than ' 

before, that a lufpicion arofe that fume part of the apparatus 
was not air-tight; and on this fuppoiition the pipes were 
taken down, . 


In February the pipes, &c- were examined, and let Lcfi arwiscar- 

up again with conlide*able care. A B was 24- feel 7 inches 
long ; f> E, 21 teet one inch ; yonfoquenlly the difference for 
the fall was 3 (l*et 6 inches. ' With this apparatus, when the 
diumeter of llie higher orifice of the pipe D E was four lino«, 
it appeared by four trials (Feb. 25, that the bottle lofl 

only one ounce of water pec minute. 

When the pipe D E was ftiortened to 19 feet 7 inches, and 
nad its higher orifice five feet below the I’urface of the water 
in the ciftern, four ounce roeafur'es of condenfed air defeended 
into the bouJe, during the erniffion of 16 pinis of water, 
through the orifice at E, when half an inch in diameter. 

Tlie diminution in Um colle^bon of air, in tliefe laft experl- 
i ments, was much more confiderable than was expelled to 
happen,, either from the abforption of the water, or tlie iti- 
: creufed condcnIaLion of tlieair, which might be occasioned by 
' fo (mail an addition: being made to the apparatus. The jet at 
E was projected more fleadily in thefe lafi, than in the pre¬ 
ceding trials; and the condenfed air, intiead of rifing into the 
bottle in large detached bubbles, afoended in a continual flrcftim, 
like the evolution ui gas fiom the bottom of an etTcrvctcing 

C 2 mixture. 
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mlxlure. From the minute divifion of the air, it is not im¬ 
probable, that a fmall portion might be carried along with the 
^ current of water under the buttle, and afcend through the 
fipe DE; but this was not determined. If there was no 
defefl in the apparatus, it appears, tiiat it will not hfr fo ad¬ 
vantageous, in the conftruflion of a working machine upon 
this principle, to employ a condenfing column fo heavy as 2f 
feet, as one that is lighter, 

Other trials. Feb, 28, 180+. The pipe A B being tltortcned to 22 feet 

5 inches, and D £ to 18 feet 3 inches, the orifice of the ad¬ 
jutage at E being four lines in diameter, the bottle was emp¬ 
tied by 13, 12|, H, J3, J3, 12, and 14 pints of effluent 
water, in feven fucceffive trials, as in ihofe of May, 1803. 

ftlarch 9, With a fall 3 feet 9 inches, A B being 15 feet 
one inch, Haifa pint^f air was collefled during the difeharge 
of 12^ pints of Water^. Again, the orifice of cmiflion being 
four lines in diameter ; the fall 4 feet 2 inches ; A B 15 feet 8 
inches; DE 11 feet 6 inches; nine ounce mcafures of air 
were conveyed into (he bottle, in one minute, during the dif- 
cha*'ge of 10 pints of water, in five fuccefilve trials: and 
when the diameter of the higher orifice of the pipe DE was 
hall an inch, the fame quantity of air was carried down in 50 
feconds, by nine pints efi^ent w'alcr, including that dif- 
placed from the bottle. When AB was 15 feel 8 inches; 
DE 13 feet 2 inches; the fall 2 feet 6 inches; nine ounce 
mcafures of air were collefled in the bottle, by the difeharge 
of 16 pints, in4)0 feconds; in 105 leconds, by 18 pints; and 
again, by 18 pints, in 90 feconds, 

March 16. The fall being 2 feet; A B 8 feet 5 inches; 
D E 6 feet 3 inches; and the diameter of its higher orifice 
half an inch; ten ounce meafures of air were colle6led in one 
minute; again in 64 feconds, when the effluent water inea- 


fured 10 pints; and again in one minute, when 10 pints. 
Having now (hewn what power a machine operating upoa 
this principle may be expefled to poflefs, I proceed to fliew 


how its principle may be applied to practice. 

Defenptuin of fig, 2, fkte /. exhibits a machine for railing water above 
ilieciftern. 

conftfactc’d tur nr *f\ r 

water, R reprefents a ciftern fupplied by a fpring, where there are 

by 4ir gyg 
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W a well or pit iiluafed below the bed or lower level Dcfcnption of 
of (he ftreamlef ; its depth varying from 6 to 20 ieet, 
ing to (he elevation to which water is to be raifed above theriuhng' 
citiern, and the number of progreflive columns by which 
istoafcdld. fyphoa. 

A A, a pipe leading from (he ciftern R, to a bell-fliapei 
vcITel fixed a little above the bottom of the well, with its 
mouth downwards, I'he top of the pipe is crooked, as re- 
prefented at A, Ftq, 5, and there is a joint below, which 
allows the crooked part to be detached from the reft* The 
lower end of this pipe is alfo crooked, and turns under the fide 
of the vefl’el B. 

C C, a pipe fixed into the top of the velfel B, and carried 
a little above the ciftern, where two fmalier pipes, E and G, 
arc connefled w^ith it by a ftop-cock. ' « 

E, a fmall pipe leading to F, a vefii^ or chamber, placed 
rn the ciftern R* ^ 

G, another fmall pipe leading to H, a vefTcl or chamber, 
fomewliat lets than F, placed in a higher fitnation. This pipe 
has a turn, a fool above the top of the velFel H. 

J, a pipe leading from the ciftern R to the velfel F. 

K K, a pipe dclcencling a foot or more below the vefl'el F, 
and then afeending to the vefl'el P- * 

h, a pipe conne£led to K, a foot below H, and then car« 
ried to the conduit or ciftern which receives the raifed water, 

'J'he pipes I, K, L, have each a valve opening upwards, 

'File conftrudlion of the cock is reprefenled in Fig, 3» The 
conical barrel has four holes, C, E, G, O, and the turning 
jiart or key, has a notch, or hollow, on each fide in that part 
which moves oppofite ihofe holes, fo that the pipes C and E, 
or C and G, may be connected by a quarter ofa turn. When 
the communication opens between C and E, the external air 
has accefs to the infide of the pipe G, and to the chamber H 
above, through the opening O; and when C is joined to G, 
the air is admitted into the chamber F, through the opening 
O, and the pipe E, , 

In the narroweft pari of the veflel B, a buoy or float is fixed 
upon the elevated end of a crooked lever, moving upon a ho¬ 
rizontal axis, fupporled by pieces attached to the fide of the 
veflel, Inftead, however, of a common hollow buoy, it will 
be preferable to ufe a body Ipecifically heavier tb^n whaler, and 

by 
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ty adding Weight to the other end of the lever, to-make futh 
adjuflment, that while both are imnierred in water, the body 
within the vellbl B, (hall be a few ounceb lighter; and, on 
ilie contrary, when it alone is above the water, it (hall be fo 
much heavier than itscounterpoile, which is covered.« A (mall, 
oylindrical veiTel 'J^inebes in diameter, andfame m deptli, 
Ailed with water and doled, will probably be Tize fiifficient 
for fuch a float; and the proper counlerpoifc may be very rea¬ 
dily and eafdy found, by having the lever fixed on its axis 
in a veflel of water, repeatedly drawing otF and replacing the 
fluid in that part of the veflel which contains the float; and 
increafing or diminifliing the w'eighi, until ihp proper adjufl- 
ment is obtained. But to proceed with our dcfcriplian. 

S reprefeius a fniall fyphon (ufpended by a lever, with one 
branch in tlie inficic, ^and the other on the oat fide of tht ciflern 
R, The oulfidc branch being re-curved in the manner repre. 
fented in Fi", 5, it is evident, that when the inftrument is 
filled, it will dravV water out i)f the ciftern whenever the ori¬ 
fice of the re-curved branch is deprefled below’ the level of 
the water in the ciltein; ami that its opeialion will be fuf- 
pended by railing the (amc a vi.ry lilile above that level. 
From the contrary end of the lever, a chali; or wire de/rends, 
and is connected to the lever winch carries the (leal; and by. 
this connection, the fyphon is (ufpended with the orifice ot its 
rc-curved branch above the furface of (he. water in the cifiern, 
while the float occupies the higheil pari ol the vetfel B; for 
die weight of the fyphon and that ot the included column mufl 
be fo nearly countcrpoiled by tiue chain and an additional 
weight, that it cannot deprefs the float, though it inufi poircfs 
fufficieiit weight to deiccnd when allow’ed by the defeent of 
tl)e float. 


M reprefents two cuneiform buckets, connefled at their 
hales by a (ranfverfe partition, and fixed upon a horizontal 
axi-s, as is more clearly exhibited by llie feflion, •'!. 
When the bottoms of thefe are placed m an oblique direction, 
making an angle with the horizon of 2!> or SO degrees, as re- 
prefented in (he drawing, 2.) and a finall iiream of 

' water falls from the fypbon, the higher bucket .vili receive, 
the water, and falling m confeqQence of its load, will raife 
lh<j other bucket, which will now receive the water, and by 
falling will raife the firil, whole contciV^ emptied in its 

(Icfccnt. 
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defcent. A fnaallarm or le\»er Ulixed to the axis of this ap-Defcription of 

paratus^ sad conned^ed by a piece 6f ftron^ wire to 

Cborter lever fixed wpon the fmaller end oj the turning part r.uftng water, * 

of the cock C, and by this means tl»e cock moves with tho*^y 

• in an mvertw 

alternatciwot'ionol the buckets M, when lupphed with water, ^^phon. 

When the (jjiacefrotn the top of the vefltd B, lo the furfaca • 

of the well is equal to 18 feet, the top of the chambtT H, 
above the bottom of F, and the perpendicular height of the 
pipe L| above the bottom of the chamber K, may be each 18 
feet. 

The valves and every otlier part of the apparatus being in 
proper order for work ; the well being filled wiili water; and 
the refervotr R conftaiuly fuppliedi lo as to overflow in one 
part fomewhat low'er than the refi of the brim, wdiiie the 
higher orifice of the pipe A A, is about, tw^o lines below the 
furface of the w’atcr, and takes in its full cpiantfty ; the manner 
of bringing this machine into action, and its operntion after¬ 
wards, may be underftood by alfending to the following di- 
rcflions, and ftatement of particulars: 

Open the pipe E which leads lo tlie chamber F, by turning 
the cock C, ami water will defeend into F from the eifiem 
R, by (he pipe I; When the chamber is fulh place the two 
connedlcd buckets M, in a hor^xom'al polllton, anrl the cock 
C, if properly confirufled and connefted with thefe buckets, 
w’ill cut ofl’ all communication between the pipe C C and the 
pipes E (t. The air carried down the pipe A A, by the 
column ol water which defeends and keeps the well confiantly 
overflowing, will afeend into, and gradually expel a quantity 
of water from liie pipe C C, and afterwards that confamed 
in the higher part of the veffel R alfo. The float receiving 
an acceflion of weight by being out of wafer, will defeend 
and let down the re-curved fyphon S, wdiich will pour water 
upon the buckets below. At this period deprefs that bucket 
which by delbending opens a coniniunication betw-een the 
pipes C and E, and no farther attendance will be requifite. 

The prefTure of the column in the well, above 18 |eet high, 
being thrown upon the water in the clramher F, by the inter¬ 
vention of the condenfed air in the pipe C, the vjdve in the 
pipe I will be flmt, and water will afeend from tire chamber 
F through the pipe K K into H ; the lypbcm S will aaKb 
afeend into its placa:^ and ccafe to draw water from the 
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ciHern. An equilibrium being Toon eflabiiflied belween the 
afiing column in the well, and the re.a£ling one included in 
the pipe K K and the chambers V, H, by the expulfion of 
the air from the water will afterwards afeend much flower 
into H ifian at fir/l, an equal deprefhon of the fliAl being 
produced in the pipe C and the chamber F, by the collefiitig 
of the condenfed air« 

In more or lefs time, according to the capacities of the 
chambers, fo much water will be expelled Aom the lower as 
will fill the higher, the air having been expelled from this lafl, 
through the pipe G, whole outlet is at O in the cock CEGO, 
Fig* 3. Water will then begin to afeend into that part of fh« 
pipe G which rifes from the lop of the vc/rel, and the afling 
column being lengthened in proportion to the inrreafjng height 
of that which it counterpoifes, the condenicd air will deprtfs 
the water in theavc&I Ji below the float* defending, 

will lower therc-curved fsphon, and waU‘r will tail into the 
elevated bucket which loon afterwards in confequence of 
its load wid deicend, and by moving (he cock above, will 
open a conimuricution bctwxicn the fiijK'- (' nui G, and be-v 


tween the infide of the chamber F and (In* external air* when 
the conticnied air will ruth out, aiul this vel'iei lehll with water 


from tae ca/le:-*. , 

t 

I'iic force of the atling columti being now thrown upon the 
conJents of the higher chamber H* the valve in the pipe K 
will ciofe, and water will alcend throngii the pipe L, into 
the eiflern appropriated for its reception. 

At the firfl oj>eroig of ibe communication between B and 
H, me re-cuived A plum S will pour water into the bucket 
]afl edevated; but before the load is futficient to move the ap¬ 
paratus, the fyphon, if properly adapted to its purpofe, will 
be drawn up again* in canicquence of the condenicd air being 
expelled fafler from the vefTel B, than it dctcends by the pipe 
A A : for the water will always rile with the grealefl: rapidity 
after the turning of the cock, becaufe of the difference fub** 
flfling between the afling and re-ading columns, and the air 
previoufly flored up In the veilel B. The fupply of condenfed 
air, however, being inadequate to i'upport the oiflerence, an 
equilibrium Toon lakes place^ by the water afeending into the 
low^ft patt of the pipe C* 

The 
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The fupply of condenfed air will now continue to force Dcfcription of 
water out of the chamber H. and to deprefs the fluid in the 

• I > -t n . -11 conftrudtL‘d for 

pipe C, in an equal degree, until all the water m ihe cliam^ r/,fing watci, 
ber is expelled. The waler Will then fink in i!ie higheft pari hy air condcnfcd 
of the^ipe K, and the acting and re-afting columns propor- 
tionally lengthening, air will collect in the veflTel B; the float 
and re-curved fyphon will defeend; and before the depreflion 
of water in the pipe K reaches the lower end of the pipe L; 
before the condenfed air can efcape by expelling the water 
contained in this pipe, the elevated bucket M will full in con- 
fe(iuence of water poured into it by the I'yphon, and the com- 
xnunicution between C and E being opened, the condenfed 
air will rulh out of H, through the open pipe G, w hofe out¬ 
let is at O in the cot k C E G O, /'Vg. 3 ; the valve in L will 
lupport (he water above it, and the forgtt of the Billing column 
being again tlirown upon the water ip tlief cJiamber F, the 
fluid will begin to afeend into K ; the re-curved lyplion w'ill 
life and continue in its place as before, uui!l the w'aler begins 
to fill that pari oi llie pj])e G whic'li riffs from the toj) of the 
cliamber H, or, ii there cannot be u tafheient ijiiantity railed 
from (ho Ifiwer chamber to fill the higher, untii it begins to be 
depreflbd into that part of the pipe K, conneded with the 
botioai of the chamber F; wiii il>en l>f‘ letdown 

by the float, will pour water into the bucket luft elevated, and 
thus again open the communication Iietwccn the air-hojder 
BC, and the higher chamber, from which the water will btj 
expelled ; and in this manner the aliernations will proceed, 
the machine continually raiflng water from one or other of iU' 
chambers. 


By additional pipes and chambers, Cmilar to G H L, a 
fnialler quantity of water may be railed ftdi higher, the lowefl 
additional chamber being lixed upon the (op of (he pipe E, 
and the pipe for fupplying it witii condenfed air, connected 
to the pipe E. A pipe for fupplying a chamber fliil higher 
YRuft be attached to tiie highefl part of the pipe G; and it is 
evident, that if E leads to two i:hambcr'’ and G only to one, 
•the machine will regulate its operations fa as to lofo no time. 
It will be requiflte, however, to fill the additional chambers 
with water before the machine is fet to work. 

Where the fupply of water is variable, the machine.may 
be adapted by having feveral pipes fiinilar to A A, but fome 

wider 
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wider and others fmailerf and ty fetting fuch of (befe to work 
as arc requifile, for wlwtever traj* be the increafe or diminu* 
tion of fower, the turaing of the cock will be duly regulaUtd 
tliii float. 

The w'ater which fuppties the pipe And the 

apparatus (liould be cleared* by fiUraliom t'n»m impuriUet 
and fi^flaticcs that would obilrud iha clofuie of ihc valves. 
The ciftern flioulci have .a ixioveabk pioce at the plate where 
ibe water overflow^ to accommodaie the fiuiace of ihe fluid 
lo the ends of the pipes, that the full <|uaniity of air roay de* 
feend with ea^h column, and tliat the maKimum of effect may 
be obtained from ihe fupply. 

To determine how well fiich a combination as that 1 have 


deferibed would anfwer the purpofe, I had a model con« 
rflruAcd upon the plan CAhjbited in Pla^e 7, 2; but 

having no conv^'foienoe ior an overflowing wi^'' or dftern, 1 
was obiigod to moJit) foaie pans, in a maiiucr teudiug to 
diminiflt its power. 

The wa:er from the cittern R, LiU into a capacious vefl'ef, 
from whence, when the machine is at wo’k, liand-pump 
continually raifes it again into a vclfel above, wiiich upphe* 
the eiflern R through a pipe nearly half an inc.h in dwcicler, 
under a conftunt preffure pf 3| inches charge. I'hc lupply 
keeps the ciftern conlinosliy overflowing, and liie furlace of 
the water is calm and always at the fame iivighl. 

Tiw pipe A A is 8 feel 3 inciicrs in lengti), and half an inch 
in diameter. Its lower end is inferted into the veflcl H, which 
is clofed at bottom, and confiructed oi fuch a form as lo in¬ 
clude the lever wdiich carries the float. Above that end of 
the le\»er bearing ibe counlerpoifing weight, a vertical pipe 
6 feet 3 inches, i:- connerSted lo the lop of the vefTel; and 
through this pipe, which is no w ider than A, the water afi ends 
and flows to the pump: A chain, conOfling of pieces of 
wii'c four or five inches in length, looped together by the 
ends, alfb paifes through it, and connects the float-lever to 
that which moves the re-curved iyphon S. 

The boitoms of the buckets M are both together 14 inches 
long and 6 broad. The hafe partition is 4 inches high. Each 
bucket has an end parallel with the bafe, one inch deep, prev- 
vided with a hole to let out the water when depreffed. The 
co(k moves with le(s than a pint of w.aler in the elevated 
bucket. 


The 
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ftcMtt In tlie veflel B, is a fmall cylindrical copper D -fcription of 
volM, mne inch in height and two inches in diaa»eler. Ii 
was &Ued whh water and- clofed before it was fixed in ks rai&ng water. 


pigQe> Though equal in bulk only to one ounce and three m 

.quarterawif-water, ,yet it is quite fufficient to move tiie fyphon fy^on. 

whteh would wmrk a larger machioe. ^ « 

The pipe C is half an inch in diameter; E, K, G, ara 

fmafler* The valves are leather. 

% 

Thtfl machine^ when in good order, raifes water nearly 12 
fbet above the cinern, at the rate of 20| pints per hour, and 
performs all its operations as well as can be defirod. When 
Hrft let to work, the cock is fo placed as to clofe the top of 
the pipe C, until the cundenled air begins to collect in the 
veifel B, and then the communication is opened to (he cham¬ 


ber F. If the communication was open at firft, the water 
would be expelled from F into the ciftern,^wbLle the prelFuie 
was infutheient to clofc the valve in (he pipe I. 

The cliambers F H being fmall, the Typiion moves fre- 
quentlv; but in a working machine lliefe vciFelti Ihould not 
only he broad and tliallovv, but capacious, lliat the wear of 
macliinery may bi‘ reduced to its ulmoH extent. 

To determine what cjuantily of water flows through the 
apparatus, I (ixed a (pout uprm the top of the at'ending water 
pipe; but in doing this I entangled the float in the veflcl B, 
that it coukl not be made to work the Fyphon. The effluent 
water, in this unemployed Hate of llie machine, including 
half a pint difplaced from the vcflel B, amounted to pints. 
The foperfluous water from (he ciflepu R meafiircd pints 
a!fo. If the machine had been working the wafte water would 
haw been Ids, as part would have been drawn off by the 
fyphon. 

Fiom feveral (rials, (his model appears to raife water above 
the rale that migltt be eftitnatedby the experiment of March 6, 
previonfly related. 

In actual pra61ice, I think the allow^ancc for ivafle and 
working the buckets, of one tiiird or perhaps only of one 
•Iburth of the fupply, will be iutfleient; then fuppeding the 
apparatus fo adapted to the fupply, as 28 or 30 gallons from 
theciilern will raife one gallon 18 k^et, to 84 or 90 gallons 
will raife one gallon 44 feet, by three ufcending column^s. 

Tli« 
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The bucket-engine at Irton-Halb in Cunaberland u 
fail] to ralfu one gallon of water o'O feel high by 3t> gallons' 
fiipply; hence, if the wafle water be included, it appears 
that our machine will not be competent to perform half as 
much work by the fame iuppiv, and its peculiar aduanlages 
. iz^ii depend upon its c(prability when conliantly employed. 

1 am. Sir, 

Tour's refpeftfully, 

WILLIAM CLOSE. 



Ilemarks on Cocnt Rumfokd's Erperimentft rclati/r^ to the 
Maximum Dcnfit^ qf Heater, Ii% a Letter from lUr. John 


Daltoh. 


SIR, 


to Mr. NICHOLSON; 


Count Rum<* 
fbrd*s experi¬ 
ments on the 
jpax. denfity of 
water con- 
iUered. 


Mr. Palton’s 
exper. in this 
Journal on ihc 
lame fubjo£t. 


In your lall Number, page 225, is an intcrefting article on 
the queftion, At what point of temperature water is of greatetl 
denfily ? From the introduflory paragraph i was led to expedlj 
that all i\\Q material objefiions to the current duflrinc were 
confidcred and obviated, and that new and convincing argu* 
menis in its fupport would be adduced. In the former of 
thefe expe^alious I was altogether difappoinled ; and though 
the new experiments are ingenious and well worth attention, 
they are not quite lb demontirative to me as they appear to 
be to Count Rumford. Ferhaps we may both l>e too Ilrongly, 
biaflecl towards preconceived theories: how^ever this may be, 
it Teems proper that when new fa6ls are brought forward, we 
ought to reconcile them to the theory efpoufed. 

At page 93 of Vol. X. of this Journal, 1 have Rated a num* 
ber of facts and experiments which appear to me trrecon- 
cileable with the notion of water being denfeft at 40^. I 
believe it h denfeR at 32^, or the freezing point; and it i$ 
my prefent intention to fliew how, on my hypotliefis, I ex* 
plain Count R/s refults. 


Sec Fhilof. Juurnsd, Vol. II. p, CO, 


Water 
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Water expands by heat from fome point (whatever it may Cottnt Rum* 
prove to be) by a law which is nearly that of the 

the temperature from the faid point, as is evident from Sir on Mr, Dalton’s 

Charles Blagden's table. Conicquenlly the force of 

■which wfter acquires by temperature, is at firft very fmall, littic change of 

but increafes to a very conliderable amount before ebullilion»^*"*^'*^'**"J**»y 
I /• ^ . -1 r • n A i' <'r cold near 

The colienon of the particles or water is a t-onltant force; 

there will therefore be a point of equilibrium between thcfe 

two forces; that is, a point at which the increafed temperature 

will be but juft fufticient to couniera 6 l the tenacity, in which 

cafe no internal motion can enfue. Whether a diminution in 

denfity in water to the amount of o/i€ hundredth or one thou-- 

ftindth, or one ten thoufandih or more, is the point alluded to, 

is to be determined only by experiment. I apprehend that This change at 

water of 40® is about one ten thoufandth p^rt lighter than water to^ptodu« 

of 3'i®; but (hat this force of afeent^ is bat juft fufficient a cuncncj 

to counterad the tenacity, and confequentl^ no motion lakes 

place; in fuch cal'e the diftufton of heat through water is the 

fame as through a folid body. Whenever the difference in 

denfity exceeds that juft mentioned, internal motion is ihccon- 

fequence, and that grealcr in proportion to the difference of 

djiViily, which we know may amount to of the whole. 

Count R/s experiments ther^fora will he explained by ob-—and therefore 
ferving that the thermometer acquired heat by ihe proper con- 
diiflmg power of whaler, as if it had been metal, or any other w^rds as if thio’ 
iolid botl) ; the temperature acquired was greater in the 2 d 
experiment than in t!je I ft, becaufe Ihe heat of the ball v\»as aturcs there w^s 
greater; but in the 3tl experiment the heat of the ball wa.s ^ '^hich 

fuch as to produce a current upwards that almoft precluded defeent. 
the defcont ol heat, by carrying away the heated particles as 
lorm as formed. 

The circumflances of the two thermometers by the fide 
the ball and the cup, in the two firft experiments not acquiring thumoLLters 7 * 
any temperature, is certainly reir.atkable, and not eafy to be 
explained, even upon Count K.*s principle; for, the fuppo- 
fed defeending current of warm water fliould have Jilletl the 
oup and overtlowed, fo as to affc£l the collateral thermometer. 

' One im>ft important experiment Count R. has omitted, and Inipnrrant expe- 
which it is [»arlicularly defirable that he, or fome one in pof- 
feflion of a fimilar apparatus, would perform, efpecinlly j>s it 3 ^ 40 " md th- 
w'ould go further other to eftablifh the doctrine of cv/r- 3^ * 
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rents in wafer, when the temperature varies from 32 to 40<>. 
This is lo repeat the I ft experiment, with the difference that 
the mafi of water fliould be at the temperature 40®, and the? 
ball at 32® ; in which cafe the ihfermotneter in the cup w'OuW 
not be at all affjfled upon Count R/s principle; Bbt if the 
Explanation I have attempted above be accurate, no material 
difference in the refults of the Iw'u experiments would be ob' 
lefved. 

I am your’s, 

J, DALTON. 

iJanchefier, Augufi 17, 1805. * 


Either live or 
de^tl wo(k 1 may 
be bended. 


Live wood may 
be 


•^bended for 

Ih ip-bultdingf or 
Tor te locb of 
whf< dec. 

y,\ iailenmg 
il'jwn )ouztg 
oreei,. 


This the moft 
eai) proc.ii \ 
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On the Art of pending Wood. By J. H. sseni'u 

_ I 

Thb operalion'of bending may be performed cither on live 
or dead wood, the proceffes differing however for ihefe two 


dates. 


I. On the bending of Lire IVood. 

Live wood has a natural elafticity which varies according 
to its fpecies, fize, and agie, ,1'lie larger and older the wood, 
the kds elafticily it pofl'efies. 

This operation is peri'ormed on wood when growing, either 
to ftraighten it, to give it a figure luifable to the omanienlal 
purpofe lor which it is defigned, or to (hape it lo the nfe for 
which the timber is intended when cut. Thus trees niny be 
bended, which are intended for the building of Ihips, or for 
making the Iciloes of wheels in one piece. 

When trees arc yet young and pliable, their ftems are fad- 
ene<l down by. ropes, or poles, or Itakes, or frames. In this 
iituation they are confined till they will retain when let loofc 
the curvature that has been given them. 

Of all the modes of bending timber the moft eafy and com¬ 
modious ts that applied to young growing trees: for their pli- 


* Tranflated from the Journal des Mines, N. S i, p. 47^, July* 
1S04. 

f In many parts of this paper the writer feems to have ufed the 
word elaflicitc foi the property of undergoing flexuie without break¬ 
ing. T. 

, antnefs 
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aninefs andelafticily enable them to acquire any form that tray 
be defired; fo that there are few to which the mofl whimfical 
figures may not be given, with due care and tiie requdlte pre¬ 
cautions; but at the fame lime we injure their natural conlti- but injurious 
tution^ rdfkrd their progref*!, aiul frequently retKice them to ^ 
fiate of conftraint and difeafe prejudicial to their growth. 


11 * Of tht bending of Dead IVooiL 

The bending of wood that is cut down and dead, though 
■lore difficult, is yet more in ufcf becaufe we may chiiofe fucli jn^it advanuge- 
a^ is beft adapted to llie purpofe for which it is dellgned, and°^*** 
then give it the fuitable curvature. 

The procefs generally employed is founded on the property The principle is 
caloric podhifes of augmenting tlie eladicily of wood by pene- hri'^^hVh*";!! 
Irating it, and diminiOiing this elaflicity 90 quitting it. the pii- 

Thus when we iviih to bend thin pyrees/as the ftaves of ^bicncfs ot uaa- 
barrels, or the planks of beats, we heat thejn at the part that 
is to be curved, and bend them gradually as they grow hot. 

J5ut heat applied to one part of the wood, while the olher hent af- 
is in contact with the air, heals it unequally, and iucrcafes the 
pliablenels but partially ; fo that on bending it, ibmc parts areoccaiions it to 
Itbr and others yield, occafioning an unequal cur^^ature, *^*^‘**^'^ ^*^ hd*nte*** 
iomelimcs cracks or fplinters in ^hc wfide or on the i'urface of 
the wood. Tile oyiy ineliind of remedying this inetjuality is 
to heat the wood equally thiDtighout. 

Furnaces or ftoves gradually heated are adapted to (he pur- Fumacrsoi 

pole of affordine a uniform heat, and confeciuenl-ly facililating 

, t I ■ . , . ^ . ^uniformly, bur 

ine curvature ot the wood; but in unng them there is rcalounzay twrch it. 

to fear, that the caloric, while heating the wood, may expel 

from it the fiuids contained in it, char it, and wholly deftror 

its elaflicity. 

The phablenefs of wood is in proportion not to its temper-Humidity as 
alure alone, but to its humidity likewifc. The fame wood at ti^^render 
the fanjc temperature will be more orlefs pliable in prujKirtion wood pliabic. 
to the water contained in it; and at an equal degree of moif- 
ture its elaflicity will be proportional to its teniperatud'e. 

* We have an inflance of the double influence of heat and The ruigu’si 
moiflure in joining two pieces of wood with a tenon and mor- ^ 

tife, wiiere tlie mortife is only a third of the breadth of the tenon, 
piece that is driven into it to form the joint, Thbfe joints fo 
extraordinary in appearance, lurprlle people fo rnucti, that 

*l inoft 
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—in three dif- 
icient wa)S( 


7(1. By boiling 
water* 


S2 

He«c and moif- TOoft of thofe who ufe them make a myftery of them. Tlie 

te'^Lnd ^timber - employed in this operation ha'«given rife to the,method 

at prelenl in ufe for bending with eafe the largeft and ftiSeft 
timber: itconfilbin penetrating it with humidity^ and at the 
fame time imparting to il a uniform temperature, ihw* bending 
, Hr and letting it cooI| while it is kept in the form to which it 

has been brought. 

For heating and moiflening the timber, three different pro- 
cefles have been employed: firlt, boiling water; fecondly^ 
(learn; the third, wet fand heated* 

The ftove for the firft* procefs confifts of a large copper 
boiler, heated by three furnaces, clofed by a movable cover, 
and varying in ilsdimenfions according to the fize of Ihc tim¬ 
ber for which it Is intended. Cranes are iifed for railing the 
timber, and putting^it in or taking it out uf the boiler, which 
is kept full of water. When the limber is in, the cover is put 
on and beaten down clofe, to diminifli the evaporation of the 
water; the three fires make the water boil, the timber is heated 
and penetrated with moiftore, and it U then taken out to be 
bent. 

This procefsj'one of the firft that was employed, has ilsat 
fomeofthccom- diffolving a part of the proper fuLftance of ihc woorf 

leffcrii, thedi- in the boiling water; th<i limber flinnks in dr\ing, (o as to 

fnentionsof ihe become narrower and lliorlcr; its ftrcnelh and eiafticily are 
wood. ” * ’ 

confiderably diminiflied, and from Ihefe alterations occafioncd 

by it the procefs is difufed. 

Figures 3, and 4, PI. II. reprefent the plan and ele¬ 
vations of a nearnor. It confills of a large wooden boK, 
formed of (lout planks, held (irmly together by fquarc frames. 
Within are fupports for the timber that is to be expofed to the 
adlion of (i»e fleam. The dimenfions of (he box are regulated 
by the fixe and quantity of the wood intended to be fallened. 

For fmall (learners a boiler is /7xe<l at one extremity of (he 
wooden box, and the wood is introduced at the other through 
an opening, the door of which cither (lidcs in a groove or turns 
on hinges* For large ones the boiler is fixed in the centre, and 
there is an opening for the timber at each end. In the tide 
oppofitc the boilers are openings a <2 a for arranging the lim¬ 
it fhouW be eo- ber on the fopporls. It is ufual to leave the wooden boxes ex- 

bA<l*^coaduaor”ttf externally; but it would be of advantage to 

ht»u cover 


This d^flblvfs 


2 d. By (team. 
Defctiption of 
the Aeamer. 
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CQiver Ihe planks with fome fubftance tliat Is a bad conduSor 
of hieat, to confine the heat that h difengaged irom the Aeam 
within. 

Each bmler having a communication willi the interior of the 
box, by means of a pipe, the fleam is diftribuled to each ilage 
by the tubes bb b. Fig. 3, The vapour arifing from the boil¬ 
ing water penetrates the timber with moifture, heats it, in- 
creafes its elaflicily, and renders it fit to be bent. 

Steamers require little care, and little expenfe, but they This proerfs is 
cannot be ufetl for timber of any great Ihicknefs, fince they 
cannot impart a emperature higher than that of boiling water, but it is not hoc 
and this is not fufficient to give large pieces the degree of ph- 
abienvfs neceffary for bending them. 

Tiiis lowncis of temperature gave rife to the invention of S'*- (and. 
the fand-flove, which is fornied of four ftone or brick walls, deferibed. 

In the middle are two furnaces, with v^hich Several cirpular 
flues communicate, for conveying the hcai^ the healed air, 
and the frnoke, to a chimney rifing from each end. On thefc 
fluo'i arc pUtes of call iron, which form the bottom of the ca¬ 
vity in which Ihe fand is placed ; the flame and fniokc circu- 
in the flues heal thefe plates, and tbefe plates heat the 
td. This is an imitation of thofe fand-balhs which have been 
Jfbngemployed in many chemicaLpcdbefl'es and In fcvcral ma- 
nufaciorits. 

As the land may be heated to a temperature above that of 
boiling water, it can communicate a greater heat to the tim¬ 
ber ; but were there nothing but fand and timber in the /love, 
all the gafvliable fubflances in the timber might be expelled 
by tlic heat, and the timber charred. 

I'u prevent this, one or Iw o boilers filled wdth water are Steam muft be 
placed in the middle of the ftove. The water converted into 
fleam by boiling penetrates the fand with moifturej this im- ‘ * 
parts moiflurc to the limber; and thus the heat that pervades • 

the timber expels from it no more moiflurc than is replaced by 
the fand, fo that all the proper fubflances of the,timber arc 
preferved. • 

We will not venture fo affirm however, that no portion of the timber 
the component parts of the wood is evaporated in this opera- ^pjibiy injured, 
tion, and that confequently it undergoes no alteration; but 
with the precaution of taking out the wood to bend it as ftoii 
as it is fufliciently he&fcd and penetrated with moiflure, the 
injury is imper|eptible. 

Vox, XII,—T£MBER| 1805. D The 
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Muii^utatlon 
Ibr the heat* 


The vwA may 
he bended hori¬ 
zontally or ver* 
l>c^» 

«^y any me- 
ckantc power} 


The fandrftove is covered throughout iU wtole lengthy to 
retard the evaporalton of the rootflure contained in n, and 
allow the heat to accumulate fufiicientlj/ to give the wood the 
proper temperature* ^ 

The pieces of timber are introduced at the ends* placed m 
the middle of the fiove in the direction of its length on bars 
fixetifor the purpofoi awl covered with fand. 

When the timber has been heated and penetrated with 
moiflure to tl>e proper degree for enaUing it to a(IuQ%e thede* 
gree of curvature required^ it is bent to a line deiignating the 
curve. 

The timber may be bent in two ways either horizontally or 
vertically; the former is ufed for pieces of fmalJer dimenfion^^ 
and greater curvature* 

In either waj^ the Ibrcc that produces the curve is applied 
by means of ropes, tackles, or even capfhins. The piece 
mufl be kept in the fliapc to which it is brought, and thus I ‘>. 
to dry and grow cold, when it will retain the curvature given 
to iU 


-vwhichmay be Frequently whcnjhe piece of wood is thin, preffurc by 
applied various band, or by weights, will bend it futiidehtly, fo that it will 

retain its fliape on cooling. But the means of bending it may 
be varied to infinity, according to the elafticity of the timber, 
its iize, its temperature, and iU humidity. 


VIL 


Erperiments Piiuie in the grefUg in a reverberating Fin jmee on CaCt 
Iron, confirming the eftublijhed Theory rejpedtingthc Dtjlfirence 
bettveen cafi and malleable Iron. By G. A. LAMPAOiuff, 
iV^. ef Chmifiiy and Metalltitgy at freybergfi 


The reverhera- I SHALL firft deferibe the reverberatory furnace ufed in 
ttrj^aace de-experiments. It liad three principal parts: 1. the air 

tunnel 




Prise quefiion 
of Bohemian 
Society, 1795* 


4 

♦ EktraSUd by J. F* DaubrulTon, in the J. des Mines, from the 
Sammlung Frahifcb-cbemifcber Abhandlungen ‘ Prailical Chemical 
Efiays/ of'Mmpadius, Vol, II.p. bt.S. 

\n 1795, the Royal Society of Bohemia propofed as a prize quef- 
tion to fettle the tHeery of the refining of taking as a bafis (he 
labours of Vandeiipohde, Bcfthollet, and Monge, on the different 

ftates 

d>. 
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ittpnel and aih*ttote; 2. the fire-place; 3. theheartl* and chJtn* an atr 
ney* To obtaiti^the proper degree of heat, the air was C0li-g„ hearth^rhin 
defied through a vertical tunnel feveral ells long (the Saxon oH «nd its chimney 
is hear tjgro Englitb flet), the lower aperture of which was*^^*®*^*^* 
dWr a flream of water, and confequently it brought rapidly 
to thp fire«place a fupply of frelh and condcnfed air, Thd 
fuel viras wood; the bottom of the furnace was an oval cavity^ 
covered with a heavy coating, and capable of containing three 
or four hundred weight of metal. The flame, which traverfed 
the furnace with rapidity, efcaped afterwards through a chim¬ 
ney eight eibi high. The furnace bad an opening capable of 
being clofed at pleafure by an iron door« lltere was another 
dbovd the fire-place, a few inches fquare,^ ferving to admit the 
nozzle of a pair of bellows, or the neck of a retort. 

In the ufe we made of this furnace I had an opportunity of 
obferving very difltn£lly;^hat in the fiatrie of a clofed reverbe- 
ratory furnace there are always a multitude* of unoxided par- flame of this 
tides of carbon, which impart to it the capability of reducing 
(difuxiding) metal. This opinion I had already announced on 
occafion of a memoir of Mr. Dacamdra^ In Tome of out 
trials, making ufe of the wood of the Scotch fir, we obferved, 
that the fmoke ilTuing out was black and denfe, and this the 
more the frefher the wood; buf^as foon as we made ufe of the 
bellows, the flame appeared clear, becaufe the oxigen intro¬ 
duced by (he air or vapour oxided the carbon that was in the 
flame, and thus produced a greater heat. 

Firjc Bxperi/nent wiii the firnph Fire cf the Feernace^ Exp, I, 

The furnace having been heated for Tome hours, and the fire 
being very violent, about three hundred weight of metal wasj^ reverbe- 
taken from the crucible of the high furnace, and poured into ramry furnace, 
the reverberating furnace. This call iron, when bmme folid, 
was gray, and of a fine grain. At the expiration of an hour chiefly csibunc 
a frothy fcoria appeared on the furflure of the metal, which, to 

ttates of iron. Mr. Lampadios fiiared the prise. His memoir taay 
be confidered in general, as a confirmation and fupplement to die la¬ 
bours of die French academicans^ the experinwnts which he nlade 
at Muckenberg in Saxony, in the iron works of Count Von £in« 
tiedel, affardiiig him frelh pren^s of this theory* Tbeie adperi* 
ments are here ^^refentiai to the reader* D. 

D 2 * 
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ON CAST IRON. 


Not removable 
for adhering 
lAeui* 

r 

The mcti! was 
btought fo ebu! 
Jition. 

Carhisratfd h»- 
drogca gas cvul 
vcd. 


In five hour^ it 
became white 
and coarl'e 
graioedy 
anci a little mal¬ 
leable. 

This was after- 
wauls rcAned 
faoncr than com¬ 
mon cdft iron. 

The prycefs of 
refining iron in 
a. reverberatory 
furnace 


Ibews that car¬ 
bon IS bumed 
oir. 


judge from appearances* confifted chiefly in carburet of iron- 
We attempted to remove it; but asfomeof the metal adhered 
to i(, and cainc away at the fame time, vve^defifled. Soon 
after, the furnace being clofed, we heand a continual boilingf 
rcfcmbling that of a vifeous fubflance in a clofe vSfi'el. On 
opening the furnace, we perceived that the whole matter in 
reality boiled, and that bubbles were continually rifing, which 
burft on the furface with a beautiful bluith flame. Thefe jet# 
of flume had the colour exhibited by carburalcd hidrogen gas. 
The boiling continued as long as the fue was kept up; at the 
fame time a pretty large quantity uf fcoriu was formed, which 
however could not be removed, on account of Uie vifeous con¬ 
fidence now acquired by the metal* Beiides, as the mctdl was 
frequently ftirred to prefent a frefli furfacc to tijc air, the fco- 
ria mingled with it. the end of (ivo hours it was no lunger 
fluid, and appeaved (qbe refined. It fiad iufr its gray colour 
and finencfs of ^raiii, was white and couife grained, and 
flioweditfelf more malleable, though it was not capable ofbe- 
ing forged. The refiner carried it to his ordinary lurnace, and 
tliere it was refined in lefs lime, and required lels labour than 
common cad iron. 

As in this trial we were unable to fcparale the fcorla, and 
no change had been made in the form ot thi‘ hearth of the 
common refinery, whicii ought perhaps to have been done, 
nothing pofitivc can be ad\anced witli rcfpccl to the practical 
advantage of refining by the help of reverberatory furnaces; 
we were merely convinced of iU poffibility, and enabled to 
demonftratethe theory of this procefs, that is to fay, of feeing 
clearly what pafled in the operation. The cafi iron was here 
converted into mailable by means of liie oxigen that was in 
the little ataiofphefic air, which, jointly with azote and car¬ 
bonic acid gas, covered the metal in fufion. This oxigen 
combined wHh the carburet of iron, and then carbonic acid 
gas and oxide of iron were formed; this produced the bubbles 
of air and the fcoria. The lighlnefs of tiie frothy fcoria, which 
arofe to l^e furface at the beginning, was the reafon of their 
fcparalion from the'rcfl of the mafs; but as foon as the air be¬ 
gan to ad they were deftroyed. 
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Second Experiment ; the f'ire of the Furnace being ajfijlcd by thelx^, II; 

’ rapour of iVater. 

I had afirmptec] lo decompofe carburet of iron infmall quan- 
titles the help of water in the ftate of vapour. By heatioj^p^^j 
the carburet red liot^ the water was decompofed, and I ob-vapour, 
tained carbonic acid gas, bidrogen gas, and oxide of iron. As 
the chief difference between caff and malleable iron confiffs in Application of 
a certain quantity of carburet of iron coniained in the former, *** 

and which muff be feparated to render the iron malleable, I 
was (Ictiioiis of trying the effc£t of water in vapour on caft 
iron in a rcverberaUiry furnace, principally in order to know 
how far the refining of iron might be carried on in this way. . 

Aliout three hundred weight of caft iron of the fame quali¬ 
ty as before, and juft taken from the hi^h turnace, were put 
into the reverhrrntory furnace as in the pr^Tcding experiment; 
we then took a large tubulated iron retort, p’lit info it nine or Steam w.is in. 
ten quarts of water, fated a gun barrel to its neck, and intro- 
<hi£cd the end of the gun-harrel info the little opening in the 
furnace. The water in the retort was made to boil, fo that 
the ftcum diffufed ilfelf w'llh the flame over the melted metal. 

At the cxpir-iliun of half an hour alhlie maiks of relining that 
had been obfei ved before were ptfrccptible; the cbuHilion was hy wifeh ^ 
<'oi:ficlerabIe, and the flame that ifllied from the chimney nu>rc 
‘biigiit. Tiso houis after the cominenccment of the procefsly, 
frefl) water was put into the retort In about three hours the 
metal began lo thicken, and at the end of four hours it exhi¬ 
bited tlie marks of reftned iron, and we imagined the opera- 
lion to be finiflicd. Wc found the grain of this iron finer, hut the icon 
however, limn that of the iron operated u^n in the Preceding 
experiment, and the niafs was full of little blebs. 

We gave It lo the refiner, who trouted it lika Ihe formerwas lets 
Lut lo our great aftoiiilbinVnt we found dial it wrought worle 
in liie refinery (ire lhan call iron the nioft difficult to refine. It foie, 
reriuired mueh moie labour, and an hour’s time longer. 

having affayed a fpceimen in the flate in.which it dimeoalTheic was more 
of the reverberatory furnace, I found ifty (ftnlain a much lar-I,",' 
ger quantity of oxigen. Experience had already taught me, kinds ot call 

iiiathalf a pound of gray caft iron, treated in a retort with. 

four ounces of .harcoal from whicli all carbonic acid gas Wad 

• been 


I roil. 
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been expelled, giive 32 * cubic inches of c«d>onic ecid gas* 
An equal quantity of white call iron afTorded 165 cubic inches 
of tbe fame air. Four ounces of (he cad iron juft taken from 
the reverberatory furnace, mixed with two ounces of charcoal^ 
yielded 96 inches, or 192 inches to half a pound. 

* Hasce we may rnler, that the proportions of oxigen con* 
tained in thefe dijSerent kinds of cad iron arei 
> In iron fuper»refined by the vapour of water * 192 

Common while Oafl iron * - -^163 

Gmy iron 96 

Thtifu^« To tbe iron produced in tbe experiment jud mentioned, I 

^ epithet foper-refined ft becaufc I conceive it to have 
from the de« been formed as foUesws:—^Tbe water in vapour was decom* 

deflroyed the carburet, asatmorpheric air does in 
its ctfburst* ^ Ordinary refiningi but at tbe fame time this water imparted 

to the iron fo lat^gre a quantity of oxigen, that in the rebnery 
it was neceflary, qot only to feparate tbe fcoria, but to difoxide 
the metal likewife. This experiment farther conhrms the pro* 
perty iron poflefles of becoming oxided in diderent degrees. 

If Uiis expm'iroent adbrded nothing pradically beneficial, it 
bat at lead thrown fome new light on the properties of caft 
irmi. 


Cxp. in. TJliVd Experiment; ike Fire qf the Furnace bting ajfxficd by the 

J€tion of BeUows. 

lUillows applied The fame furnace was ufed, and the place of the retort in 
wi^he retsr. preceding experiment was (applied by a pair of double 
* bellows mounted wi(h leatber^ 5 feet (4 f. 8 in.) long, 3 (2 f. 

, ,10 in.) broad, and 4 (3. f. 9 in.) high at tte poflerior extremity 

when open., It w^ fo placed, that the dream of air was pa* 

rallei to tbe dame and to the middie.of the furnace, and worked 

at tba-rsUe of eight or ten flrokes in a minute. We were d|e* 

drouf of fedtng how for (he .air thus alfided would carry tbe 

refining; tbe furttace being managed and filled as before* 

TIahesr was At the epd of half , an hour the heat was perceivefi to be 

laacb gfcater. much gqs^terihan in ti^ lirft and fecond experiments. The 

(dienomena of tbe^efiuiog already mentioned appeared in fuC- 

* 

^ PtobaUy this it an error of tbe pixfs in tl^e original: as 11 does 
net agree with foe proportion affigned in the next paragraph, one 
of (he two muft be wrong, 
f Or furebarged with oxigen* 

ceffionj 
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ceffion; but iniiead of the frothy fcoria obtained in the tiri} The fcom 
cfliiy, a very fluid flralum was formedi which diffufed itfelf ”**^*^**' 
over the melted metal, and prevented its reiiiitng. This fco- It was blackltli 
ria, wfaen^rown folid, was of a blackifli brown colour fr^ure* 

vitreous fra£lure. We endeavoured more than once to re<-and not to be 
move it,,but the flratum was fo thin as to render it • 

cable: As foon as one flratum was removed, another formed. Stirring pm- 
At the expiration of four hours, the metal being ftill very fluid, zxtntM 
we began to flnr it, in order to bring its dinerent parts iucceUtiiiatlng com* 
fively into contad with the air; this produced an extraordinary buftlon. 
beat in the furnace, combuftion, and fcintillaiion, refembling 
that which takes place when iron wire is .burnt in oxigen gas* 

This oxidation always produced frefti fcoria: as foon as we 
deflfted from flirring, every thing became quiet, and the flra* . 
turn of fcoria prevented the oxidation, ^At length, after three 
hoars longer, making feven in alh deiyng which the melted 
mafs had frequently been flirred, it feenied to thicken; per¬ 
ceiving too, (hat it diminiflied conflderably in quantity, the 
fire was damped, and ihe matter left to cool in the furnace. It 
was afterward weighed, and found to have loft much of its weight, 
weight* Its extraordinary fradure gave reafon to prefume airsfrafturecom* 
high degree of oxidation; for iiifteadof being gray and 
nulous, it was compact, and of,a <lver white. It was inter- 
fperfed with a large quantity of fpherical cavities, greater or 
iefs in fixe, wliich evidently announced the exigence of an ae- 
nform fluid, that had been extricated during ihefufion. 

This mafs was too fmall to be reamed. Having examined There was much 
the quantity of oxigen it contained in the farfte manner as with ac- 

the other fpecimens, i found that four ounces yielded 87 culxcquired much ox* 
inches of oxigen gas, and confequently nine inches lels than*®®”* 
that Vvhich had been treated fay means of aqueous vapour. 

Thus probably here too the oxidation was loo povreriul, and 
tile iron was fuper-refined. As the metal did not become whhou^pafling 
doughy in the cmirfe of the procofs, it moft have been 
falurated with oxigen without pafling through the flate of mal¬ 
leable iron. The carburet, it is true, muft liave fa^n totally The carburet 
^eftroyed during Uie operation, which .produced the filvery 
hue. 
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BURSTING OF TWO MUSQ*VET BA'RREIS. 


VIII. 


Hcmarks on the burfiing qf two Mufquei Barrels hy a Charge of 
Gm-powder coofincd by Sand. W, N* • 

A tWn mufquct’PART of Ihe barrel of a mufquet of which the internal dr- 
barrei burft. ameter was fix and a half tenths of an inch, was corked at 

one end, and fine fand to the depth of twelve inches was 
poured in: upon this was poured two inches of gunpowder 
, and a fmall tube (of glafs) was then Duck in the gunpowder, 
and the bore of the tube, which was about one twentieth of 
an inch diameter^ was filled alfo with gunpowder* The length 
of the tube was fufficient to reach clearly above the lop of the 
gun-barrel, and all the pft of the fpace in the barrel, being 
about thirteen inchej above the charge, was filled wmiIi fand 
lightly poured ia. I§ this ftate the barrel was fet up in one 
' corner of a furnace chimney, and a match ftuck into the gla& 
tube and lighted, afforded iufficitint time for the afiillanis to re-< 
move out of the direct line of expldfion before the could 
lake place. 

The difeharge lord (he barrel into revernl cotitorted pieces 
in the part near tiie charge ; t!ic upper part fell unaltered, and 
its contents of fand ran cut ^ the lower part alfo fell clown, 
but neither its fand nor cork were UiflurbecJ, nor was tliat por¬ 
tion of the barrel afieded. 

As the thicknefs of the iron did notexcocti one thirtieth of 
an inch, 1 was defirous of repealing the experiment with a 
fironger piece. 

*A thicker bar- A mufquet barrel, 2\ feel long, diameter of bore five tenths 
rel char|e^ with of gu inch, and thicknefs of metal at the breach full one quar* 

ter of an incli, was cliarged w'ilh 27grains, or a little more 
than half an ounce troy of gunpowder, which occupied the 
fpace of four inches. Upon this charge was poured fine fand 
to the depth of twelve inches, weighing I Jo I grains, or about 
ounces troy, and upon this was lightly prefled down a foft 
wadding pf gauze paper, for the purpofe of alloiving the bar* 
rel to be placed horizontally without any fubfequenldiflurbance 
of its charge. It w as fafely placed in an horizontal pofilion 
and fired at the touch hole by means of a train. 

T^ie barrel was torn afunder for the lengikof eight inches, 
the part ncareft the brcach-pin being opened nearly to flatnefs. 
f The 


gunpowder snd 
land. 


Effect of the 
explofioQ* 
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The fand remained in the barrel. Its face ncareft the blaft wa^ 
confolidated Ip a very fmali deplbi and I think the maiit bad 
been removed or elfe jammed more clofely together; for the 
fpace unoccupied between the place where the breach pin had 
been and if^e furfacc of the fancl was full nine inches. But as 
the fand was not ioimcdiately noticed^ 1 cannot be fare that 
none might have been driven or fallen out, during or after the 
blaft; though I am difpofed to think not. 

It rnuft be remarked, that the powder was a very full charge. Remarks* 
and that the fand weighed as much a.s fix niuikciobalis of half 
an inch diameter. 1 do not however apprehend that the barrel 
would have burfl with fix bails. 

The blading of rocks, the Iplilting of logs pf wood, and Ufes* 
the deArudion of artillery when on Che paint of beingtaban-. 
doned to the enemy, arc the leading porfjofes in which tiie ap¬ 
plication of land to confine gunpowdej is likely to become 
ultful. 



Report of a Method of ynmfaring the imllal Vdocit}/ tf Pro- 
jeeiilt's dijelitw^ed from fin-arm^ boik horlzimtalhf and xvilh 
dd/'crcut LU'iationSf viade to the Phjjjlnd und MatbanaUcal 
Clof'i ifj U\c National InjUintc bj/ Mr. Fuon v, Dec. ) 1, lb03. 
^ibndi'cdj'rom the Original^. 


It not much above fixly years fince experiment began to 
be applied vidili (uccefs to the theory of projetliles. Mr. 
Benj; Robins, who may be efteemed the firfi in this career, 
employed a pendulum to determine the initial velocity oi 
mulkct balls, mcafuring it by the arc of orcillation. He like*' 
wife meafured the recoil, by fufpending, the gun-banel from 
the pendulum. 

About ten years after, the Chev. d’Arcy pubhflied a feries 
of experiments in the memoirs of.the French Academy ol 
■Sciences, in which he employed two pemluloms, againrt one 
of which the bail was projefted, wbile the otht^r, to which the 
gun-barrel was fufpended, ferved to meafute the recoil. 


Robins ArR 
mined the ve)o« 
C'ty of firojec- 
tiles by the pen* 
duium, 

and the recoil of 
a ^tin by fuf- 
pending^it* 

■ 

D'Arcy made 
iimiUr experi¬ 
ments with two 
penduiums* 


' *Jo /naldgsMimj, No. OC, p. 117, May, 1S04. ^ 
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l>r»Httttafi«ritli Fifleen years after this Dr. Hutton made many experimenti 
balU* Woolwich with cannon balls by means of the pendolom. 

About the year 17?^, Count Rumford improved thitme* 
(hod of trial, and invented a very fimple metb^ of fafpendtng 
(he gon-barrel fo that (he recoil took place without the axit 
ceafing to be horizontal. 

laftljf Dr. Hutton refumed the fubje3» and made a number 
of experiments from 17SS to 1786, with much care^ and at 
great expenfe^ on both kinds df pendulum. Thefe may be 
confidered as foraHirig the moft complete and inftru^ive treatife 
we tiave on experimental ballifttcs. 

Antoni's dc- We have not mentioned the labours of Antnnb but we mud 

^ey^machincT P®*® over E machine defcribed by him in his eflfay on gun¬ 
powder. This, which he fays was invented by a mechanic 
named Math^, con^fts of a borixonta) circle^ the centre of 
which is fapporhsd by the foperior extremity of a vertical .axis, 
and ferves as a bafe to a cylindrical envelope of paper. A 
rotatory motion is given to this cylinder by means of a cord 
pafling over a leading pulley; and the proje^ile being dif* 
charged horizontally, when the angular velocity of the machine 
is uniform, in a vertical plane in which the axis is found, pierces 
the cylinder in two points, the diflance of the fecond of which 
from the diameter paffidg /hrough the (irft meafures the 
arc defcribed by the machine during the patfage of the pro* 
Jediile. ‘ 

Col. Grobert's The machine recently invented by Col. Grobert is con- 

llruaed as follows: 

fenbed. A horizontal rotatory axis a|K)itt 34 dec. (11 feet) long carries 

itcAiiriftsoftwoat each extremity a pafteboard dtfle perpendicular to it, and 

whole may turn rapidly without de¬ 
ar the extremi- tanging the refpeftive portions of the parts. 

A rotatory motion is given to the two di(ks by means of a 
weight fufpended to the end of a cord, which, after having 
pafled over a pulley ten or twelve yards from the ground, is 
rolled upon a wbe^l and axle level with the difks. Ati end- 
lefs chains paffing round the wheel and the rotatory axis of the 
difks, communicates to this axis the motion which the weight 
in its defeent imparts to the wheel. 

The advantages this machine potTeftes over Mathey^s confift 
in Ihf horizontal pofttion of its axis, which admits the utmoft 
degree of firmnefk and regularity in the p^fition and motion of 
^ (he 


tks eF an horl 
aontal «xi&. 
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tie diiks: in the. projefiile not traverfing a cjUndrical furface; Th« pnJtAHe U 

but two vertical planes, the extent and diflance of wliich may 

be coptiderable, and thus give very accurate meafures: and she mtsaonyii** 

its being’oapablei which no other apparatus w, of mei^ttring 

the velocities of balls of dlfierent fixes preceded at difiereni oppofite that os 

elevations. 

All that is necellary in ufing thif apparatus is to give a unt- Method of ufing 
form and known angular velocity to the ditks; and to meafure in^atacou 
the arpeomprifed between two planes palling throagb the axis 
of the difk, W one of them through the hole in one difk, the 
other through the hole in its oppofite. 

In (be (rials made« the motion became fenfibly uniform, *^hedefi^t of 
when the weight arrived nearly in the middle of the vertical wei^rbrnBoet 
fpace it had to traverfe, as was found by twice meafuring the unifomu 
times of the third and fourth quarters of tjie defeent, and after* 
wards comparing tbefe times vrith (he ^correfponding fpaces 
paired through. An excellent Aop*watcb bj^I^wis Bertboudy 
and another by Breguet, wereufed for this purpoie. 

In moll of the experiments the vertical fpace pafied through 
by the weiglu was meafured by the turns and parts of turns menfured by 
the cord wound off in a given number of.feconds^ as intur«sofdjc 
all rerpe6ls mod accurate and commodious. ' * 

To meafure the arc a icreen, w pafteboard, was fixed before "**•* 

each dilk, a very little difiance from it, and the hole in the ^ 
firfi dilk being brought oppofiie to the bole in its correfponding sud hole* 
fereen, a rod carried through the centre of thefe two holes and 
of the hole in the oUier icreen which would be oppofite them, 
mufl pierce the fecond diifc in the plane of the hole in the firfi; 
and the arc comprifed between this point and the centre of the 
hole in the farther diik would mealurC the angle deferibed by 
the apparatus while the ball was traverfing the length of 


the axiSf 

It is obvious, that the fixed Icreens, which give the abfolute Two fixed 
direaion of the paJb of the bell. »fford tte means of (hewing 
the defe£l of paraltelifiu. if there be any, between ^lis patli and fca of paral. 
the axis on which the dilks revolve.. , , 

The gun«barrel was fixed borizonfally, parallel to the exis ball and tbe 
of the difks, and at fuch a diflance, that (he concoflSon of the ****• 
air by the explofion ct^ild not afifeS the motion of the nearefi: 
diflc. 

« 3 One 



VELOCITY OF FROJECTlLtt. 


4 ^ 

The time fup« 
infed too ihort 
to allow a tnea- 
furablc arc* 


But^Jt did not 
prove fo* 


The fire-arm? 

experinunted 

with* 


Formiib for cil 
cujqiuif tire VC 
icci.'y* 


Mran velocity 
with a carbiiif) 
1^69 *. pei fee* 
with a muikety 

J 397 . • 


One filing may naturally fuggeft itfelf, which i*, that the 
lime oi' (he ball's paffing from one ditk to the olber, through a 
fpace ol three or tour yards, muft be lefs than of a fecond; 
and il is diSicuU to conceivCf that in fo ihort a (pace the difk 
could deferibe an arc capable of being meafured* 


• But this clifficuliy is ealily folved by the fa6l. When the 
motion became uniform, the wheel and axle commonly made 
0‘833 of a (urn in a fecond; and every turn of the. wheel pro¬ 
duced 7*875 turns of the axis of the difks* which confequenlly 
made 6*5G turns in a fecond. Thus a point on the ditk three 
feet from the axis would move about 41 yards in a fecond, 
and in of a fecond of a yard, or neatly 15 inches, a 
length more than fufficient for the mott accurate meafurement. 

The experiments were made witii a foldier's firelock and a 
horicman's carb'me, ^he lengths ot which in (be bore were 
;i f. 8 in* and 2 fc 5 iv. 'i'he balls were accuratelv weigiied, 
found to be on a 382 grains Uoy, and eacii wai im- 

pc lied by half its weight of powder. 

Tile following formula was employed for calculating the 
velocity of the bails. Putting ^ for the femipcrlphery, when ra¬ 
dius is unity =*3.141; k for the ratm between the turns made 

by the wheel and axle anti the arbor of the difks; i (he time 
•> 

employed by the wheel anrf n;iwic to make a numbci of Uinii* 
n; r the diflance of the hole in ihc fecond ditk from the cenlre*’ 
u the arc deferibed by this hole while the ball palfes from t)ne 
difk to the other; b the dihatiee between the diiks; and V the 
velocity of the ball: \vc fhall have the equation 
2 r 


kl 


b. 


a 


The mean velocity deduced from ten experiments with the 
carbine was feet and a half in a fec;ond ; that from the ex¬ 
periments with the mulket, 1397 feet. Tiiefe being iii liie 
ratio of 11 to 10 nearly, il would appear, that the length of 
the foldiers's firelock might be reduced wtlhotil much dinnnifh- 
ing its ranga*: but there are other circumflairces in a military 
view, by which the length of the weapon ufed by the infantry 
requires to be rtfgulated. 


* The differences of the range are much lefs than thofe of the 
»elocitj% iVt' Dr. Ifuttofi.—T* 


I 
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The commifEoners marie fome experiments with half charges With J of pow¬ 
er powder only to the quantity of one fourth of the weight 
of the halU In Ihefe the mean velocities were, fof the fire- 
jock 829 fiMt, <br the carbfne 8^2J. Thefe velocities do 
not ditfer fo much from each other, and confiderably exceed 
the lialf of thofe given by the full cliarge, which may be * • 

aferibed chiefly perhaps to the more complete firing of the 
powder. 

The commitlioiiers were defirous likewife of making fome lefifinnce 
experiments on the refiftatice of the air to the motion of the vaij. 
ball, tlie diameter of which was from 15 to t6‘ millemctres the vL-iouity 
{3*8155 lines to 6*267y,) For this purpofe the'mouth of* 
gun-barrel, which at firft wa^ 7 f. 9 in, from the neareft fixed 
fereen, was removed to the diftance of 67 f. 9 in. In this 
jiluatlon the mean velocity of the mudcet-Jball was 1127 f. in- 
ftcad of 1397, (b tliat it was diminifljed nearly^in the ratio of 
42 to 31*. The experiments of this kind however, were lew 
in number, 

'i'hcre is no doubt but the climenfions of Col. Grobert's ap- The apparatus 
paraUs may be enlarged, lo as to adapt it to experiments vvitli ^rfed wltWd- 
cannon balls; though it is not eafy lo fay without trial wliatvantage, 
dimonfions would be compatible with accuracy of experi- 


ni'U)!, • * 

'File Colonel likewMfc propofes an alteration in it, for mca- Mod*’ of adapt- 
faring the velocity of projecUIe.s at dificrent elevations, as far 
as'l/j"^'. The following is his contrivance for this purpofe. 

Fac'h tjf the difks has a feparate axis. I'lie wheel and axle 
J»as a wheel at each end, with an endlefs chain, one turning 
llic arbor of one ditk, the other that of the oilier, Thu* the 
rotatory motion imparted by the defeending weight is com¬ 
municated equally to both diflvs at the fame time, *tl»e wheels 
and arbors being made cxaflly of correfjmncling dimenfions. 

The ftand of the ditk farihcft from the gun is moveable in a 
vertical direftion, fo that it may be raifed to the nece/Tary 
elevation; a few links being added to tiie endlefs.chain for 
every different height. As the difk is raifed indeed; it be¬ 
comes inclined to the path of the ball; but as the greateft 
diminution that can take place in (his way is in the ratio of 
about 7 to 5^ a fufScieni field is fiill left fbr pointing with 
orccifion. 
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To proveni any mifiake from want of attention in the perfons 
employeti. Col. Grobert^as added certain pieces of mechanifin 
to his apparatus, by means of which the weight, when it haa 
defeended lo ascertain point, puts in motion a fecond pendu- 
lum to count the lime, and a fyilem of wheels and pintOns 
xjonnected with the wheel and axle to indicate the number of 
turns made by it. By (itnilar contrivances it difeharges the gun, 
and flops tte pendulum and the counter of the turns at the 
proper time. Thefe may occafionally be of ufe, but compli¬ 
cated machinery is always liable to get out of order, and it 
may be difpenled with here, if the o^ervers be ever fo little 
expert and attentive. 

It might be fufpeSled, that the motion of the firfl difk would 
caufe fome defledion of the bait from its true path before it 
. reached the fecond. ,To afeertain this, three fereens were fixed 
at equal difianc^,^, the fecond and third being placed before the 
firft and fecond d'fks refpeflively. Now it is obviqus, that (he 
hole in the third fereen would not be in the fame vertical plane 
with thofe made in the firfl and fecond, if any deviation took 
place. ^ 

A ball being fired through the apparatus thus arranged, a 
]ilumb line was fuipended before the centre of the hole in the 
firfl fereen, and the moil accurate obfervatiun could not dif- 
cover an^ deviation, but that the fame line cut the centres of 
all the three holes* This experiment was feveral limes re* 
peated with the fame event. 

The fad nofedoubt is, that the extreme fbottnefs of the time, 
(for the femidlameter of the ball is not the forty thoufandlh part 
of a fecond palSng the dilk) does not allow the difk fenfibly to 
affe£t the path of the bail; much lefs can the ball hav^ any 
efledl on the motion of the difk* 

It may not be amifs to obferve, that the difiance of the far- 
thefi fereen being about twelve yards only, the inflexions ob- 
ferved by Robins in difiances of a hundred yards were not likely 
to take place. 



XKV.t8tai.B EMISSION OF SVEAM. 


47 


FaH concerning the invijible Emijj^on qf^ Steam into the Air* 

* . W. N. 

Soon after Mr* Giddy had mentioned to me the very re- Steam 
markable and curioas fefts of which an account is given at * correair* ^ 
page I of the prefent Number, 1 was engaged in the expert** 
ments on (he fimmertng of water related at p. 216 of Voh X. 

1 then made an experiment which may perhaps in a fmall degree 
elucidate thole phenomena. A fmall glafs tube was ftuck 
through a cork, and this was then prelTcd into the neck of the 
retort in which water was boiling over the lamp. The fleam was 
emitted through this fmaller aperture in a vifible jet of upwards 
of a foot in length. But when a candfe w^s held with its It became in- 
flame immediately beneath (he end of the tube, the jet became 
perfeAIy invifible. To determine whether the water might flame of a 
be decompofedf or the fteam fimply expanded fo far as to be®^*'**^* 
abforbed by the air, or if condenfed to form a vapour too thin 
to be perceived, I fuffered the hot invtiible current which bud 
paired through the candle, to pafs through a larger glafs tube. In but the fleam 
this cafe vifible fteam ifTued plenti^Iiy from the fartlier end; 

Hence, I am difpofed to judge tifat the large tube having kept 
the very hot fleam together and cooled it fo as to render it 
vifible again, there was little if any decompofition of the 
Wuter. But at the fame time, when we confider the difap-* Perhaps Tome 
pearance of the denfe fmoke in Mr- Giddy's experiment, there 
feems (o be great reafon to think that the charcoal was oxi* 
genated and gazified. If fo, the produds mnfl have been 
panded and invifible fleam, hidrogen and caibontc acid. By 
collecting the products in au experiment of this kind, Ihefe 
conjefiures will either be verified or refuted. If the former, 
we fhall have the decompofition of water and oxigenation of 
carbon at a lower temperature than has hitherto been fhewn or 
expefled. 
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‘ Experimcntii viadt xvith the Water blowing Aft^chines of the Irim 
Works of Poallaouen; by Cilizem BEAUNiEK/^»ifl^GAi-i*ois $ 
, Mine^Enjiinecrs *. 


o. 


to objefl was to afccrlain the differences in denfily of 

fliKw the effects ^ir withiji a blowing machine, under ihe various circufm- 
©i'd blowing fiances by which it miglit be affecied; and at the fame lime, 
nuthiue. endeavoured to find w^liat may be the moft advantageous 

mode' of conftiufling the machine, to produce the greateft 
effeQ with the leatt expenditure of water, 

Tormcr accounts One of the chief caides of the doubts that have arifen re- 
aic^bicurc. fptcling the fupprcffion, or retaining of certain arrangotuents 

in the conflru^llon, v';as the timiuing to dcicribe the niaciiiiKts, 
the experiment;* will* which have been compared. We lhall 
theretoie prcvioufly notice the principal difimfihuns that ni;*y 
btr made between ibefc macldnes, from the manucr in which 
their elle6l is produced, 

Txv.> Uinds of Ltivvis oblerve-s, that there nre two general mclhods of 

wA.cr bloAiijg: cauiing the air to be convejed by the water in liie blovsdng 
a!!?'!* machines. In the firfi, the water leceives the air bv tlic 

•iti lk> iVwt i\i si ^ 

atioj), or t'lom lummit of the machine; in ttic fecond it receives it by lateral 

apertures: and he lays it down as a principle, that thole 
circumfiances, which promote the effect in the one cale, are 
detrimental to it in the oilier. 

He obicrved furlhei, that if the water be at reft in the 
funnel of the machine, {fee Plate Hi. t ig, 2.) and aiiervvard 
have liberty to run off, it carries little or no air with it; tliat 
a,i upii^bf pipe it the water have a gyratory motion in the funnel, it carries 
which down a confidcrable quantity; and that if it fall ffom acer- 
w.itf. u;kI air tain height, fo as to have been greatly divided, it carries Pill 
dcfcciiUcd, more: that if the water flow through a pipe with lateral 

aficrtures, it receives air through Ihcfe apertures, even when 
its motion is Pow : that if the pipe be of equal .diameter 
throughout, the quantity of air thus received is inconfiderablc; 
apertures but if the diameter be diminifhed to a certain degree at tha 
■dmtC^^ihe wliere the apcrture%are made, the quantity of air is 

greater than could have been introduced tlirough the funnel 


the tide* 


General ob- 
iLivaiif Tis of 
Ih. Lewix. 
'fi.e engine is 


^ Tranflated from the Journal des^Mincs, No. 91. 


without 
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without any lateral opL'nings to the air: laflly he obferve^, 
that air conveyed downward from tlie top of the lube, or the 
funneli prevents (he in(rududton of the (Veih air by itie lateral 
apertures^ which in this cafe, tnflead of receiving more air, 
lei that been already introduced efcape, 

Lewis concliideS| that the two methods by which air may 
be made to dcfcend with a ({ream of water, ought not to 
be united in one machine; and that the machine confiruded 
with a pipe, a funnel, and apertures to let the air enter 
around or below the throat, produces the moli powciful 
eifed. 

The machine on which we made our experiments was of TUf' machine of 
the conftrudion which Df, Lewis has deemed moll advantage- 
oas. See Fig 2. 

The height of the fall, taken from the bottom of the channel Height of the 
that conveys the water to (he upper pari^of barrel is 

SI feet 6 inches* ^ 

The height of the funnel, from (he bottom of (he fame Fu 'n''taftop 
channel to (lie throat x, is feven teet. This funnel is of the 
fhape of a fruftum of an inverU'd cone, the larger Oiainotcr 
of which is J2 inches, the (malicr lour. The remainuer of 
the tube down to the barrel, is a cylinder eight inches in 
diameter. * 

The plank N, 12 or 13 inches wide, is fixed one foot BifrcJorah 
below the head of the barrel. The barrel is fix feet high. v.iid. 

I'he water iflUes out of the barrel by the triangular apertures Thew-Jt-r flow* 
tit, and is conveyed away to a drain by (he channel Mf the j 

bottom of which four leet higher than that of the barrel, 

I’he air compieired by the external water, the level of and rh? air is 
■which, as will loon be proved, is from 27 to 30 inches above 
that of the water in the barrel, efcapes through the tube P, it 
which is a hollow cylinder five inches m diameter. 

This tube P, called alfo the air^pipc, terminates in a conical A(T-hol?<i!« the 
noaszle, having an aperture of two inches only. uprj^ht p p«. 

Immediately below lire throat .t, are four air-hole<! y. 

This being premifed, we proceed to the inllrunionl em¬ 
ployed by us (or determining the denfity of the aii in the 
inadiines. 

It was invented by Citizen Vergnics BoudchiSre, pro-for 
prielor of the iron works at Vic-Ddfos, in ihc v-devant 
VoL, XIL—^ibPTSMaaa, 180;S* fi fcoanly 
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It is a fliort ba* 
romecer gage 

infcrted, tlie 
Bulft bw-ing 
u/,te < 


county of Foix, and is a particular kind of barometer, to 
which ibe name of water anemometer has been given. See 
Fig. 6. 

It is compofed, ift. of a eylinder A; 2d. of » tube c, 
bent twice, the lower extremity of which is /tigtSly conical, 
hnd terminates about two ind)es below the bottom of the 
cylinder; 3d. of a graduated tube d inferled in a vertical 
petition into the cylinder, and reaching below the level n 
of the water contained in it. ^ 

The tube c being inferted into an auger hole made in the 
tide of the blowing machine, and flopping that hole clofely, 
the internal compreiied air communicates with the water con¬ 
tained in the anemometer, preifes upon it, and in proportion 
to its denfity raifes to a Ief& oi greater height in the graduated 
tube. 

The cylinder A a.id the tube c arc of tin. The lower part 
of the tube d tc, the height ot nine inches is ol the fame ma¬ 
terial, to which is fitted a glafs tube about 35 inches long. 

The cylinder A is four inches high and as many in diameter. 
The greatefl diameter of the curved lube is half an inch, tlie 
fmalleft, at the extremity, a third of an inch,. On obferving 
however, that the tiiic of lliis opening contributed tf> increafe 
the extent of the otcilLwions in (he graduated tube, we en¬ 
deavoured to diminini it much as poliibic. For this purpoTe 
we clofed the lower part ot the tube c with foaling wax, in 
which we afterward n^ade a very fmall aperture by pafTing a 
healed needle through if, 

7'he tube d was divided by a fcale of inches, beginning 
from the furface of the water contained in the cylinder 


ACCOUNT OF THE IXPERIMENTS. 


Expnirncnts 

blowing 

MMhinc. 


1, r.xpd'j/nnUs relaiivv to the Fipaidkure of Water, and the 

of Air dijhigaged. 

The blowing machine No. I, fee the horizontal projeftion. 
Fig. I. to which for the fake of ckarntfs we fliall refer our 
ddibrent experiments, ferved for the trial. It was placed in 
a T, oppofite the machine No. 2, deflined for the fame pur- 


The great difference between the diameter of the tube and 
tlfat of the cylinder A allows the level a to be confidered as con* 
flnnt. 

pofe. 
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pofe* The afflux of waier into each was regulated by means 
of the batches a and 6, and the diftant floodgate Q, placed 
in the principal channel D. See the plan Fig. I. Plate * 

The.ipiemumeter was placed in Oj Fig. 2, in the dircdlion 
of the vertii^tube P protraded. The hatch placed in it was 
let down^ fo as to prevent the paflage of the water liiat way- 
The batch placed in a was raifed^ and the flow of water re¬ 
gulated by means of the floodgate Q, This flow' we varied, 
till we found the water in the graduated tube railed as high 
as could be efleded without any other change of circumflancc. 

When we were certain we had attained this point, and tiiat 
no variation in the quantity of water flowing olf took placci 
we made the following oblervations. 

l.The mean depth of the w’aler in C, in the little channel, Obfcivationi- 
juft before the T, w'as 15 inches 6 lines. 

2* The mean depth of the water in tjfe g^at channel, was 
18 inches 9 lines. ^ 

3. The water rofe to 26 inches in the graduated tube. The 
ofeiUations varied between 25 and 27 inches, but feldoiu 
reached the latter height. 

4. The velocity of the w'ater in the great channel having 
ibeen obferved, the following data were oblatned. 

Examined by means of fimpI(^floalers of paper, on an 
extent of 24 feet, we had, 

1ft. The I pace paflfed through in two minutes = 6i feel> 

8 inches, 6 tines, 

2d. The fpace pafted through in four minutes =120 feet, 

6 inches. 

The fame velocity examined with cork floats, fupporling Method of mea- 
little balls of wax, the weight of which was augmented by 
bits of lead, fo that they fwam in the middle of the ftream wAtet. 
with a gravity little exceeding that of water, we had for a 
mean of the fpace palTed In two minutes, 63 feet, 7 inches, 

4 lines. 

If we compare Ihefe different refults, w'e (hall find, that 
the mean velocity of the water may be cftimaled at 30 feet, 

II inches, 1 line, a minute: but as it appears to us, that the’ 
refulis afl^orded by the cork floats muft approach neareft the 
truth, we will pay no regard to the quantities before obtained, 
and eftimate the mean velocity of the watet in the greater 
channel, at 31 ieet> 9 inches, 8 lines, a minute, 

• E2 


Nbvtr 
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Now llie breadth of the channel employed is 3 feet/ 
inches, and we cbferved, that ibe current, the velocity of 
which we have given, is JB inches 9 lines deep. Hence we 
may conclude, that the confumption of water by #ie ma¬ 
chine, under the circumftances above U 173 

cubic ieet in a minute, the height of the coluoin of water in 
the iiilirument being 26 inches. 

From the method deferibed in ti»e Hydrodynamics of BoflTut, 
we calculated the quantity of air which this mafs of water 
caufes to liTiie from the machine in a given lime. This 
quantity of air was found to be 7.33 cubic feet in a fecond, 
or in minute 

IJ. Ejrpcrimcnts on ilit F^li^ of the Jlir-lJolcs. 

1. On ftopping t!ie four air-holes, the water in the tube of 
the inflrumcnt d.clcclli'dcd to nine inches, and ojcillalcd very 
little. The effiu/ of the water from the machine acquired a 
velocity fuHicient to diminifh the depth of the water in the Utile 
channel C, Fig. 1 and 2, near the T, fix inches, 

2. One ol the air-hules being opened, the water in the 
tube ofcillaled beUveen 22 and 21 inches* The mean = 23 
inches. 

3. A fecond air-hole beii»gr opened, the mean height of the 
water in the lube was inclies, 

4. A third air-hole being o])enc*d, tlie columns of water in 
the lube rofe to lU ionner height of 2o' inches. 

3, The fourth hole being oj^ened, no perceptible altera¬ 
tion in the inftrument looL place, which proves, that this hole 
bas no etlecl on the machine. 

III. FrjicrimcnU on the Lje of Cr^Jfes placed at the faperior 

Orijice if the Machine* 

■ Some iron-maUers are accuftomed to place two round bars 
in the form of a crols at the upper orifice of the i imnel of the 
machine- 'riiefe they imagine incrcafe the efie£l of the 

machine by dividing the water at the moment of its fall. 

If thefc refults be compared with thofe of the cylindrical bel¬ 
lows of the country of Namur, deferibed by Cit, Bailbct, in No. Ifi, 
of the Journal des Mines, it will appear, that, to give out an equal 
qi^intity of uir, the quantity of water expended by the blowing 
machines,.with a fall more than twice its^height, is nearly double 
i6at employed to move the cylindrical bellows. 

To 
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To judge of this in the cafe before us, we fitted in ore 
of Ihefe erodes, all the other circuTullances remaining as above, 
and then ohferved (he progrels of (he infininuiiit* 

The dolutnn of water in the tube frcijut'otly dtdeended fOThey dirnialth 
21- inrhcs/‘^Sh# (cfdom rofe to 26 : whence we may efiiinate'^^‘‘’ 
the mean height, which before was 26 inc!ie<i, only 2i * • 

Now this difference occalions a diminution <ff volocit^ in 
thfei ffi txof the air, and confequenlly fiiews the faultinoi's of 
Ibis method under the circurnflances herp mentioned, 

IV. E.^pcrmeiUs on the Effeli qf Haidm placed 7iriir the Orijicc 

of ihv Muddui:^ 

I’he hatch a Fig. 1. was replaced in the grooves ada[)fed Advantage of 
to the channel. Wo alleied iis he*ght from the iioltoni of the 
channel, obleiving the mov^mieriU of the anemometer, in 
order lo find liie pofidon moft favourabh/for itic cflVd of tiio 
machine. ( 

The mean Iieight of the column of water Iti the tube never 
excced.'d 2S li e elcvaiion of the lower part of tlie 

hatch above thcfXJttom ot tfui channel, being then five inches 
One laic; and it is reinaikjbic, that the ditf'creiu’c ot a fnigle 
line in this elevation lowered the water in (he tube coafider- 
ably. ^ 

V. Expt'i'iiiicnh on the Cioifc:i ivhtn ihv Hatch is ufid. 

The hdtcii being jilaced as has jufi !)oen faid, wc fitted (he When thusre- 
CTofs again at the fuperior apeiturc ot the funnel, when 
water in the tube of the anemometer funk, Wc then varied 
the height of the iiak'h above the bottom of the channel, 
obfcrvitig the jirogrefs ol the inUrument, (o determine the 
nioli advantageous poiiuun for it under ihe prefent circiim- 
flanct s. 

The elevation of five inches eight lines was now found The ciuf. pro- 
ihe nil'll tavourable to the ciro^. With this the Avatcr 
latcd in the tube between 2B and 30 inches, mod frequently 
reaching the latter height, which we could never bring it to 
exceed, whatever diangcs wc made in the arrangement of 
the parts tliat compote the machine* 

If we comp irt* ihe fituation of the hatch before the addition ckp-'ndrd 

nint*R V* 

of tile iTofs, with that which is rnoft fuitabic in the calc 
before us, we find aij incrcafe of feven linei in the height 

2 from 
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fretm (lie bottom of (he channel: now this addition (o the 
height confiderabiy increafcs the quantity of water expended 
by the machine. 


Crnfral conclu- 

1 he 

engine by jyj 
cub c feet TaH- 
ing through at 
fict, drove out 
441 Cubic feet 
of air in i 
jninutp, un lrr a 
preiruteot :6 
inchti? of water 
on ne.irlv two 

0 

inches of m r- 
cury ; which ij 
rot quite one 
pound per fquarc 
inch. 


Conclufiom from thejh Experiment^0i^ 

(A.) Under the circumflances related in the firfl: fet of 
experiments, 

1. Tlie expenditure of water for the blowing machine 
wiih which they wer^ made was 173 cubic feet in a minute. 

2. The air emitted from the aperture of the nozzle, being 
tw'o inches in diameter, when the anemometer was at 26 
iiKhiis, was 4tl cubic ieet in a minute, 

(B.) Of the four air-h(jles in the machine, three only con¬ 
tribute to the efTcci produced. 

(C.) The hatch placed near the orifice of the machine in- 
created its eflcf?, when the low'er part of it was raifed five 
inches one line ^bove the bottom of the channel to which it 
was fitted. 


(D.) A crofs placed at the upper orifice of the machine 
diininifhes its effect when the hatch is taken aw^av ; on the 
conlrai) (he*y incrcafc i(, if the hatch be (o placed, as to be 
five inches eight I'ues above the holfom of the channel, an 
elevation greater than KS^l mentioned in the preceding 
paragraph (C.) and which increales the expenditure of 
water. 

From ihefe refults it may be inferred, that the crofs (liould 
not be ufed in fcveral care.-, where the quantity of water with 
which the machine is fupplied, is confined within certain 
limits. 


ANNOTATION. W, N. 

« 

Thir wjter blow- The blowing engine deferibed in the preceding memoir 

/arh /c"-Uin *h^ lateral adhefion of fluids, upon 

ea, * which Venturi has fo ably written, in a treatile given entire 

in ruir Qiiaito Series of this Journal, and feparately publifhed 
afierwMrds by Taylor in Holborn, The fliower of water in 
it« (lercenl through the vertical pipe carries down a mafs of air 
ahfng with it, in the fame manner as a (hower of rain on the 
fl?l furface of the fea produces that leuporary blaft of wind, 

3 which 
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which feamen term a fquall, and is fufficiently violent to carry 
away the malts <»f a Ihip, if the (ails be not reduced in time* 

II is evident that this engine poffefles the delircable qualities 
of cheapnefs and (jmplicity; and Lewis who has wiiiten 
fomewhat upon it« in his Philofopliical Commerce of 
Arts, from experiments of his own, allerts, titat it requires • 

much Icfs water for working it than any other kind of bellows 
in ufe. I have no doubt but that many occafiuns muil oiler 
in which it would be beneficial; but whether its expence of 
water be comparative!\ finall, and its power in any cafe 
equal to the fupply of our I'melling furnaces, may be deferving 
of more enquiry. 

In the excellent paper of Mr. Roebuck on the Devon iron Numerical 

w'orks, infvrted in the fifth Volume of the Edinburgh Tranf- 

. ” Ml. Roebuck, 

aftions, and alfo in the Quarto Series of this Journal, there of the oi a 

tfirc ionic numerical fads refpeding the /jlalLafTorded to iron 

furnaces by iron cylinder bellows worked by/hc Ream engine; of * 

and as they agree very w'cll w'ith others given in my Chemical 

Didionary, under the article Trompe, 1 wlli fiatc them in 

this ^/lace. Mr, Rocbu(k affirms, that one iron lurnace was 

excited by a' blowing cylinder, which gave I j/i cubic feet of 

air Ifi times per minute, which numbers give a product of 

24-SO cubic feel. This is timg^iie quantity emitted by the 

blowing engine in tiie text. The fteam engine was eftimated 

to aft by a prvfTure of lbs. aniwering to 2^ lbs. on llie 

fquare inch of tlie air pifion, and this multiplied by four feet 

eight inciies, the length of ftroke, and by Id, the number of 

ffiokes, gives y7.V2^V7jof (lie weight inuliiplicil by its fall in feet* 

Now the machine in the text was w'oikcd by I7‘i cubic ‘’ompm-vl with 
feel, or 10812 lbs. of water falling through 21 feet, which 
gives a product of 227052* or more than one fouith of the 
fi. (I mover of the lieam engine blall, infiead of one filth and a 
half. The blowing engine therefore coniuined more water by , 

one fourth than would have been required to produce its 
eflefl, according to what was done by the fleam engine 
Hut the fieam engine drove out its air under a reaftion of 
between five and fix inches of mercury in the gage; a velocity 
which being more than Mr. Roebuck found necvirary, was 

u difadvantageous wafie of power. The %'elocily of the The ftenm 

. ti • • 1 1 r rr r. • 1 fiigmc has mors 

water blowing engine produced by its prelTure ol two inches, 

is tnufi probably too^fuiall; and if io, the multiplicatioli of 

tide 
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Ihefe engines would not be advifeable, even if Lewis had 
been in the right in fuppt/fing them to lave water. Thefo 
rough computations, or rather eft:males are lufiicienlly near 
foi tiata (o ioofe a*i thole u[)ou w'hich w^e have operated; and 
they appear to iliew that the principal, and piRf?!?pa the only 
recommendation of the water engmes is, that many of them 
may be made and applied at a imall charge, in fituations 
where water wiih a proper fall is plentifully to be had. 


Xil. 

A Method of Tcndcrhv/; the lovg r/nd flwYl I'ibraiions (f a 
fitilaticef govtni’d by a pna/aj^ in 

Dio'titioiu Mv, CHAKi.ESi ^oo^G. In (I LtiUi Jrotn 
the Jiarntor, 

’ To ?,]f. NICHOLSON. 

SIR 


KofxvUnnlon i HAVE lately (ricil main fxppiin-.ioits npon fprlngs, with 
jij, b."*:! fe.vcri ^ obijii! *nme knovi ledge <)1 ihe caufes which govern 

ai!d vibiA- an cfte6l that is ver) troiiblefoinf' to all make^rs of chrononie- 
tions or all- (ers; natneU”, that the vilffwions ot the balance through fliort 
3 ^.c'are Lifltfi- coMdin g of perhaps ninety degrees, arc in lome in* 

ftiumenfs perh)fmftl m longer, and in oliters in fliorter limes 
th.in llicfe long arc^, iuch as of lout Jutnilied. It is certain 
ili.it no ialislatloiy reaioiis have been given, either in 
Lpglaiid or in France, to Ihovv how this niegularity is pro- 


A latince fuf- 

peiid by a 
ftiUit AHt* Kdd 
ir^ Ijn^ .'ir.d 


ihorr vibiation: 
e^ual. 


ducc'd. 

1 made a piece of brafs to ferve as a large watch balance, 
and fufpended il by a bit of fpring wire, on which it could 
vibiate as an axi^, then having turned it four or five limes, 
I left it to regain its natural poiiiion*. It performed all its 

* This method of fufi^enfion has been ofed for philnfcphlcal 
purpofes, by Mr. Mitchell, (fee Prieftley's Optics,) by Mr, Caven- 
Uifb, (fee PhiloC Tranf. ami alfo this Journal quarto IL Uil) 
by Mr. Coulomb, in his nunurous experiments on Ekflricity and 
Magnet il'm ; and by Mi. Btrtboud, in his Time Piece, No, 24. See 
bis Ticatifi; de la Mcafiire du Temps, p. 50. It does not appear 
thif this fpring has yet bttn ufed by ititJf in time pieces. N, 

: ofcillationi 
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•fcillatinns precilely in equal whatever was their 

extent^ wliether they conhiicd of Ihiriy degrees, or of three 
tbouiand* It ti)eretore returned lo the place at which it was 
at reft with velocity exactly proportioned to the forces employ¬ 
ed to reu^tyv'cAil, From this experiment I concluded, that the 
balance if>ring of a watch is not in a fituaiion to exert this 
natural quality, but that the diflortion into which it is 
thrown, is fuch as dettroy this valuable property of it'oehro- 
nifin. 

The principal clrcumftance by which the fpiral balance The fpii'al fpring 

U c'amped by 
the 

operating by its natural a^ion tiuougirout, is, ttml the outtT 

cxlremrly is fixed by the ftud, fo tiiai it cannot exjmnd and 

cunlra^ hi its coils every where a'lke, as it ought to do. To hut when its 

remedy this, 1 attached the ftud to a ftraight fprmg, lying hi , 

the direction of the tangent of the fpiia/, cmilinued from that ftraight fprmg 

extremity, Tliis fpring by its ealy a^ion ifiows the fpiral to 

appioaih the ceiitre, and retire from it with great regularity; 

and, what is inoft material, it can with certainly be reduced 

to u ftreogth, that the long and ftiort vibrations of the 

balance wdll prove perfectly equal when this adjuftment is 

macie. For upon the ftrength of this Oiort fpring depends 

the freedom with whicii the the buiance is enveloped 

by that fpring which regulates its motion. Tiie fpring liud 

aliiirds a good banking; tbr the banking pin on the balance 

may be ca(il\ placed (o as to ftrike upon the end of the ftud it) 

(he cafe of extreme vibration. 

I am. Sir, 

Tfour’s moft refpe£lfully, 

CHARLES YOUNG. 

Wood Street, Jug. 23 , 1805 , 


fpring appears to me to be cramped, and prevented from 
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SCIENTIFIC NEWS. 

S 

Compofition of Muriatic Acid^ 

In the Ihirri number of ihc Edinburgh Med icaland Surgical 
Journal, publlftied July 1 laft, h the tranflaliOifm a letter for- 
waided to the editors nt that work by the celebrated Fabbroni* 
It bearc date from Pifa, May 9, 1S05, and is written by Dr, 
Francifeo Pacchioni, profetTor of natural philofopy in the uni- 
verfity of that city, to Sig. Lorenzo Pignoili, 

After fome prefafory ul>f*;rvations, the writer announces 
that he has fucceeded by galt'anifm in obtaining fati'fa^ory 
evidence of the nature of the conilituenl priucipio'? tjf muri¬ 
atic acid. He expreffes his confidence that the fimpliciiy of 
his ap^paratus and means havefecured him againfl theiion; but 
for want of time he forbears to relate iLe whole ferics of his 
experiments, r^fulls are, 

L Muriatic actd is an oxide of hidro'/cn. 2. In the oxige- 
nah^d muriatic acid and theieforc, // Joriioti, in muriatic ackl 
there is a much Jci's proportion of oxigen than in water. 5; 
Hidrogen may have very many and diifcrent degrees of oxida-^ 
tion. 

The author informs us that having, by accurate experiments, 
afreriained the true theory^, galvanifro, he reaviiiy dilcovered 
a very fimpleand exadl apparatus, in which he could diflindtlv 
perceive the changes which happen to water, which, from 
the continued action of llic galvdiiic pile, is copflanlly lofing 
its oxigen at the lurtdceol a wiie of very pure gold iinmerfed 
in it. 

With this apparatus, which I conjecture muft have been 
the fame as that ot Davy, in winch the ox’gen and hydrogen 
were given oiT in fepaiate vellels of water, he obferved that 
pure oxigen w'as emuied fioni ibe gold wne, that the water 
became acid, and w'hen by proceeding in the opeialion until 
the refidual fiuui occupied about half the capacity of the re¬ 
ceiver (that is, I prefume, wlien half the fluid in one of the 
veiUds had difappeared) the remainder was found to be of an 
orange colour, more- deep (l>e lets quantity of fluid. Jt re- 
fcmbled a folution of gold. From the lower onfu e of the 
veiTcl, which was clofed with a piece of tuffeias and then with 
double bladder, a fmell was emitted of oxigenaied muriaiic 
add. The gohl wire appeared corrod<'d. 'I'hc bit <ji latlltas 

w Inch 
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which had hern in conta6l wilh the coloured fluid had iindcr- 
g<»nc an action which rendered iteaflly to be torn. Routid the 
ed^es ot the vclfel on the bladder there was a deep purple ring 
and within that a circular fpace rendered colourlef*; or white. 

A drop of fTS^uid ilfeif tinged the (km of the hand after fome 
hours, of a beautitul rofe colour. * 

The fame liquid, polTefSng conftantly the fame qualities, QuaHties of the 
was obiaioed in various repetitions of the experiment. It was . . 
fhewn to contain a volatile acul by the while vapours winch xUtic aud, 
were formed by ammonia placed near if. It threw down a 
curdy precipitate from nitrate of filver, which the author con¬ 
cludes to have been the muriate of that metal; and from tlve 
whole of the fafts he deduces the rcfults flrfl enumerated at 
the beginnig of this abftra^l, rcfpcfltng the compofition of 
ntunattc arid from water by (iepriving it of part of its oxtgen. 

He {><oiT)ifes to ueal of the other oxides vf hydrogen in ame-v 
ino'f flioriU (o appear. f 

'I'lic origin and nature of (he muriatic acid being thus, as Hence the orin'n 
the author obferves, determined, there is no longer any myflcry 
in It'- ffirniation, nor in that of the muriatic falts in the vail ex<* 
tent of the ocean. 


I'tie editors of the refpcdable Journal, from which I have 
xnade tiiu extract take notice of early difeovery of Cruick- 
Ihank (publiQied by him in our quarto feries for 1801] that in- 
fufjon of litmus was reddened by one end of the pile and in- 
fufion of Kia^il wood rendered purple by the other, which he 
afcribcd to the formation of nitrous acid and ammonia ; and 
they alfo quote the difeovery of muriatic acid being formed by 
the galvanic a6lion by Mr. Peeic of Cambridge, whicli w^as 
announced in Mr. Tilloch's Phiiofophical Magazine a few days 
before Profoflbr Pacchioni's letter was publiflied at Pifa. Mr. 
Peele's letter bears date April 23, ISOo. He look a pint of 
ditiitied water and decompofed half of it by means of galvan* 
ifm; the other half, being (hen evaporated, left a fmall quan¬ 
tity of muriate of foda or common fait. Great attention had 
been paid to the purity of the water; and upon a careful re¬ 
petition the fame refult was again had. In a poAfeript he men¬ 
tions tliat a friend of his had tried the experiment and fuo 
ceeded in the fame manner. 


AciU and alkali 
ohfeivcH by 
Cruick/hanlw in 
iSci tu be form¬ 
ed by galvanifruy 


—and crtmmo'i 
talt by i^eclc io 
iSosi 

Or muriate of 
fodJ. 


Literarjf 



60 


SClEKTIflC NEWS. 


Littrary and Philfipyphicai Society of NevscajUe upon Tyne. 

Twelfth report THh Literary and Philofophical Society of Newcaflle- 

have poblifhed their twelfth year's report. The 
Society. fpirifed union of literature, fciencc and practical refearch con-- 

tinues to form the charafler of their prnceedi^gsT Their li¬ 
brary encreafes no lefs in value than in magnitude, and they 
have liberally hTolVed that the fubferibers to the public li- 
brary at North Shields (and to other fimilar inftitulions which 
fliall afford an equal accommodation to the members of (he 
•* Nowxaftle Socioiy) fhall be admitted to the rooms without 
•• introduction on producing to the librarian a cerfiticate of 
their being members of fuch inftitutions.” I will not fup- 
pofe that any of my readers will confider this information as 
merely local. The .advantages of provincial focietics of efti- 
mable and well intorjned men is of high national imporirincc, 
and it cannot h\f beof general infereft that fucli enlightened 
proceedings as a^e adopted in one part of the kingdom flKiuld 
be known and imitated iaevery other quaiter, where fimiiar 
circuraftanres may render them diT.rable. 


Blatllng rocks in 
Mr. Ji (Tup’s 
methud^ 


I have much pleafurein adding tiie tetiimony of Nordiuni- 
berland in iavour of the imprnvemrnl in LLlling ror ks, which 
Mr. Jetldp communicated lafl December^ tlirough the chan¬ 
nel of our Journal. 


— ■ tried i*lth 

fuicefsinNorili- 

fiaib'.Tla.'id. 


At* (he meeting in April, Mr. Fogget of Sheriff- 

Riil reported, that (ho lu'w mode of hlaniiig with fiind, de- 
feribed in ihe Philol. journal had been tried by him, and that, 


contrary to his expectation, ii Iiad anfwercd every purpofe of 
the old mode, with a confidcrablc faving of powder, and of 


iiKire limn one-third of the labour, 


and W'ith an eiitirc (rcedom 


from riik. 


At the meeting in May, Mr. Fogget prefented a fe^tion of 
Iw'o holes drilled and prepared for blafting according to the 
new method: One perpendicular, in which the charge of 
powder being introduced and the conimunication-ftraw placed, 
tlie renaainder of liie hole is filled up with fine dry fand : (he 
Tiiher a liorizonlal or afeending hole; in which the powder and 
land, being made up into a cafiridge, is in the adl of being 
fliruft up (o the tarliieft extremity of the hole, by a blunt- 
pointed pricker put in by the fide of the communication ftraw* 


* Report, page 5.,. 


At 
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Al the meeting in June an account was communicated by 
Mr, Thornhill ol an accident having happened in Gatelliead- fammint; duwa 
Park colliery, by which one man loll lus lil'e and another had the charge, 
been fcverely wounded, in confequente of the powder hav¬ 
ing tak"n firt^h^ihe common mode ot (temniing, or ramming 
clown the charge with fragments of (lone, A cafe was al(b » 

cited by Mr. Horn ot a perfon who had lately been brought 
from Ahlun Moor with his ilcull fractured by a funilar c:^- 
plofion. 


A't-w Prorrfi fiyr Stcqmig Ilaup, 

THE new proceis of M. Rrallc for fteeping hemp, which ^ 

ills llie advantage of faving tin f', capital, and the health of * 
numerous irulividuaU, and of whicli an account w^as given at 
page So' of our laK volunw', has been|rcpcatcd in one of 
the provinces of l'ra:ict', to the entire tativfa^on of the inha¬ 
bitant wdio might bo fuppofed the Icaft inclined to deviate 
from their acciulom'-d hal)ils. The (lapte W'as found to be 
excfcllerU, and ot a taperior firength and (jua'ity when Ipini 
into thread, and i-lfo after it ha-d palled lIic loom in the lorm 
of cloth. 




A'lvdical Tlffitl'-L, St, niirlhol{mirj/,\ lltupiUiL 


THE following courfes ot Jac^uies will be delivered at 
tins llieatre during the oniuing winter. 

On the theory and practice oi medicine, by Df, Roberts 
and Dr. Powell. 

Un anatomy and ph\hoIogy, by Mr. Aherncthy. 

On tlie theory and praftiee of Itirgtiry, by Mr. Aberndhy. 

On comparative anatomy and phy liology, by Mr. Macartney. 

Oncheitjifiry, by Dr. Edwards. 

On the materia inedica, by Dr. Powoll. 

Anatomical deixionnrations and practical 3nalomy» by Mr, 
Lawrence, 

The anatomical lefliires will begin on Tuefday, O^lober Ift, 
a't two o'clock, and the other le<5lures on the tuccecding days 
of the fame week. 


Further particulars may be learned by applying to Mr* 
Njciioj.son, r* the apothecary's lliop, St. Bartholomew's 

horpital. 


A 
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Meiiical Infiitution, 

AN infiitution ha» been lately eAablinied in London for the 
purpufe of promoting a liberal and ufeFul inicrcouri'e among 
the different branches of the medical proCeflinn, and of af¬ 
fording a centre for the reception of communif^ons^ and ibr 
the formation of a feled and exteniive profcffional library, 
it is called the Mrdical and Chirurgical Sorietj/ of London, 
and it comprizes a coniiderable number ot prolL-nional men of 
the firfl charafler. The meetings (wiiich will c<>mmence in 
October) will be held at the Society's apaitincnts, WTuIan)- 
huiJdings, GrayVfnn, where aiiv comniunicaiions, or dona¬ 
tions of books arc requefted to be lent, diiteted to tlic feert- 
taries. 

The following Is a lift of the oHicers and council fjr the pre- 
fent year. 

PnESIM:.\l, Wm. Sauki:.ers, M.D.F.ieS, 

John AhrrJicthyt Efq* F. R.S. 

Charles Hochemont Aik.Uy Eiij, Atr, 

JVftu flabfiigton, M.f). F.R.S, rice^Prcs, 

A^aithexi' Baillte, jM.D, I'Ml.S. 

liaUman, M.D. i*’. I...S. 
aibi^rt Blanc, M.D. F.R.S. 

*V/r fVnu S. Vicr-Pre^. 

John Cooke, M.D, F./\.8. Vive-Prrs^ 

AJllty Cooper, Ejfp F.K.S. Tirms. 

James Cnrry^ M.D. F.A.S. 

Sir Walter Far^uhar, Bart, M.D. 

Hhompjhn Fnrjier, Efq, 

Algernon Frampton, M.D. 

John Hcavifide, Fjq. F.R.S, 

Alex, Murcet, M.D, For, Sec. 

David Fitcainte, M.D, F.R.S. 

Jlen. Rcrell Bcj/nolds, M.D, F.R.S. 

//. Leigh 77/£>77/w.t, Ffij. 

James Wilfon, Eftp F.R.S. 

./ ohn YtUoly, M.D. *Vec. 


PTOpWtl€9 
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[“ Proptrlics of blued Steel not generally knoivn, 

IN making Tpring? of fteel the metal is drawn or hammered 
oflt and fafhioiied to the delired figure. It is then hardened by ** 
ignition to a low red heat and plunging it in water^ which 
renders it quite orittle. And laftly, it is tempered either by Hardeflinj, 
blazing or blueing. The operation of blazing confifls 
fmearing the article with oil or fatj and then healing it tilt 
thick vapours are emitted and burn off with a blaze. I fup« 
pofe this temperature to be nearly the fame as that of boiling 
mercury, which is generally reckoned to be at the 600® of 
Fahrenheit, though, for reafons 1 fiiall in future mention, I 
think this point requires to be examined. 7'he operation of 
blueing confilts in firft brightening llie iuitace ot the fteel, and 
then expofing it to i1h‘ regulated heat of a plate of metal or a 
charcoal fire, or the itaun.* of a lamp until the (iirface acquires 
a blue colour by nx:dali(m. The remai‘.able fafls which IA blue fpriag 
have here toprelojit to lirenoiitt; of p^M]o^opI^/;r^ are that ami 

Stodart aifures me that ho Iius lound the fpiing or elafficity ofretoed bybiuc- 
tlie ficel to be greatly impaired by taking off the blue with'**'**“• 
fand paper or otiicrwile; and, what is ilil! n.oie firiking, tliat 
it may be refiored aganj by the bin ‘ing procefs without any 
pleviou'. hardening or other additioird trcaltYienl. 

Air, Hardy, who is merltorloun*' known as a ikiHul artifl,* mak::rs 
adhred me (uim time ago that the fuvv-nmkeis firfi harden their 
phites in (lie ufua! manner, in wliieh ftatt: tlK ’; are njorcor lefsh^tr^’n it by 
contorted or warped, and are biittlc;— tii.it (liev llvn blaze 
ihemj winch deprives them ol di (pungincfs, foby blueing, 

that they may he bendcil anil liainmered quite fi.tt, wdiich is a 
delicate part ofiheait ol l.uv making;—and that uheybluc tliem 
on an Init iron wiilch renders (Ijem fbff and fpringy woihout 
altering the tlatnef'; of their furlace. Mr. H. finds that foft Soft fteel blued, 
unhardened fiee! may boiendcred moreelafiicby blueing, Surety 

that hard flee! is more espaniibh; liy heal thanfoft. heat. 

It is very difficult to lejdoii or even to conjeflure upon thefe 
fafts. They certainiy deferve to be vended i)y a direfl procefs 
of examination, which I intend to make, and ffiall ftate the 
felults in our next number. N. 


^ See his banking for time pieces in our XI. VoL page 1M. 
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frefervakim qf SuccvlaU PlanU. 

Whether the &S.be generally in polTetfion of the colleStors 
of planU I know not^ but it will certainly be inflruflive to 
many readers to be informed that green fucculent plants are 
much better preferved alter a motaaentary itnmeruon in boiling 
water than oiherwife. This treatmenti which I am told is 
adopted for the economical prefervktjlon of cab^gl^,aa|i other 
planU which are dried for keeping, deiiroys tlie vegetable life 
at once, and Teems to prevent an after procefs of decay or 
morlihcatioai by which the plant would have been more con« 
Cdcrably changed, if it had not been fofuddenly killed* 

Corre&iorift to the 1 \ th Volutnc^ 

P, 159, I. 2, area r, era, —I. 21, r. — [,^6,qx p—2/i 

—1. I?, for r.o/.-—I. 2H, put a comma before 
tkar.-*-p. 236, k 20from the bottom, after the w^ord'^ preferved 
as add os perfo& as pojjtble, but the prefs recommendedhjf Dr, 
fFithtring does not appearcalculated, ^ c.— 

Pr. Bollock’s eflay upon animal fluids which was communi* 
cated by the author and inferted in our lafl number, appeared 
atfoin the third numbei of (he Edinburgh Medical and Surgical 
Journal* This by a cafual omiflion *>F the friend who Ibr- 
warded me manafeript wan not intimated to me until 
Tal days after the pamper came to hand. 
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ARTICLE L 

« 

Lxpcriincnlal concerning Ifeat, j^j/Bknjamin 

Coi'NT OF Rumford, F, P, R,S. Foreign Ajfociaicrfthe 
J^'dtionLU Itijhtutt of France, Received from the 

Azithor, 

To Mr. NICHOLSON. 

Dear. Sir, Munich, Jugteft Q9, 1805. 

Having learned by a letter which I received this day from 
England, that you have publiihedin your Journal of Natural ‘ 
Pluiofophy the memoir 1 lent, you on the temperature at which 
the dentify of water is a maxibmnii I take the liberty to fend 
you herewith inclofsd three memoirs on heat, which are def* 
lined to appear in the next volume of the publications of the 
firft clati; of the National InilUate.-^Three other memoirs of 
mine will appear in. that volume, but as they contain little that 
would be new to you> I do not fend them to you. ' 

I continue tny refearcti^ on heat,, and have lately made fe- 
veral hew-.and very xtilerefting experiments, th^ reluits of 
which ilia my intention to communicate to you, as foon as I 
fiiall have compleated-^e particular courie of experiments in 
which^Lenn now 

. I I>ear Sir, with much eftce'm, 

^ Your mofi obedient fervant, 

KUMFORD. 
Sact. 


Vojfc, XII,— October, 1805. 
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A cyhndftcat 
Yeflel of* thin 
brais was fup* 
ported in the 


Sect. I. Short ^‘Iccount of a new Expvrhunt on Heat^ 

1 have lately made a new experiment, the refult of which 
appears to me fafticienlly inlerefting to deferve the attention 
of the clafs. 

Qnv Whether Having found by experiments often repeated that metallic 
the heating-ind bodies expofed in Uie free air of a large apartment are much 

ed**aiufot' bUck- oiore fpeedily heated and cooled when their lurfaces have been 
cned bodies fol- blackened (over the fldinc ot a candle for example) tlian when 

in'^tnail clofcd*'^ clean and poliflied; I was curious to know whether 

fpaccsa^infpacrs the fame plicnorncna w'ould take place wiicn, inUcad of ex- 
more enlarged ? ihel'c bodies In the open air, they thould be placed in 

dole metallic veilclrt furrounded b) a certain ihiekneU of in¬ 
cluded air, and tlicfc vcflbls ihoaKi be then plunged in a large 
mafs of hot or cold water. In orilcr to clear up this impor¬ 
tant point, I made thcfcdJowIag expeiimeut: 

A cylindrical v'cdel of bnifs, three ir.chcs in diameter and 
four inches long was enelofed in another l:irg^*r cylindrical vet- 
fel, in the centre of which it was.fnrpended I)) its neck, fo as 
middle of a larger to touch it in no other part, leaving on :il! tides an interval of 
ka«Vrt.“nin. one inch between the vefleK. 

tervalof air be- The external vcllel as well as the fmuller one included whh- 
tween them. jjj jj made oi' thin thoets of brals; its tiiaineier is Jive indies 

and its height lix. It h one indi and a half in diameter and 
lix inches high. Its neck U one inch and a quarter in diame¬ 
ter and two inches and a half long. 

I'hc interior velFel is fiifpeudcd in tiu" centre of the external 
one by a (topper of cork. Thisfiopper i-* adjufted to the neck 
qf the external vetlel, and there is a cylindrical hole of three 
quarters of an inch diameter through the cork, and having the 
luine axis, which perforation receives the neck of the interior 
veilei and retains it in its place. 

The interior vedel was introduced and fixed in Its place be-* 
fore the bottom of the exterior vefTel was foldered in. 

At the centre of the bottom of the great veffd is a fmall me¬ 
tallic tube i)f three quarters of an inch diameter and one inch 
and a halt long, by means o^' which this infirumcht is attached 
to a folid heavy foot of metal which fupports it in a vertical 
pofiiron when the whole inniument is fubmerged in ^ vefiel 
of water. 

This inftrument, which greatly refcmbles that deferibed in 
my 7lb -effay gn the propagation o( heat in fluids, which I have 

called 


The Urger I'l'lLl 

wa^ iupported 
ou a foot. 
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called tlie PaflTage Thermometer*, may be ufed to make a 
number of inlerefting experiments on the cooling of bodies 
through dilferent fluids. In (he prefenl t*xj)eriinent 1 em¬ 
ployed it in the following manner: 

The interior velfcl was entirely filled with hot water to the Jhe inneryef- 

■ lel was niled • 

height or half an indi in its neck, and a good thermometer, l,„t ^atcr* 

having its c’ylindric bulb four int lics long, was inferfed therein, and a thermo- 
The infiruraent was then plunged in a mixture of pounded ice 
and water, and the time was noted by means of the thermo- The whole In- 
meter, during which-lhe hot water in the (mall veflel became fiJ”^pUingcd in 
void. i:aandvvaLcr» 


I was careful to plunge the inftrumcnt in this frigorific 
mixture, (o that the large vefTel was c<>n^plctely fubmergod 
except the upper <*xtremity of its neck ; and 1 added from 
lime to lime a luflicienl quantity of pounded ice, to keep the 
ingorific mixture confiantly and throughout at the temperature 
ot melting ice. H 

The following were the refults afforded by (wo fimilar in- 
Jlruments employed at the fame time : 

Tlicfi. ivvo infiruments, which 1 fhall diftinguirti refpecllvcly with 

by the letter^'. A and H, arc ol the fame form and dimcnfions ; 
there is no difference between them but in llie ftale of their h,id the inic- 

furfaces. In ilic inftruincnt A, the exterior furface of the 
Imall veflel and the interior fuiface of the great vetfel which and rhe exterior 
jndofes it, arc bright and polifimd ; but in (he inllrument B, 
the exterior furface of the fmall vfeifel and the interior furface the other inftm- 


of (he large veifel are black, having been blackened over the a> had 
, ^ ® . the lilc*' luriaces 

flame of a candle before the bottom of the great veflel was poiithiid. 
fbldered in its place. 

Having filled the interior veflel of each of thefe iuftruments intf'iior 
with boiling water till the water rofe to the height of half an boUing^watal^!*^ 
inch in the neck, I placed a thermometer in each, and then 
plunging both mfiruments at the fame time into a tub filled • 

witli cold water mixed with pounded ice, I obferved the 
courfe of their refrigeration during feveral hours. 

Each of the inflrutnents was completely fubmerged in the The refngcrat- 
frfgorifie mixture, excepting about one inch of the fuperiur 
extremity of the neck of*the exterior veflel^ and 1 was careful w^itei* 


* See our Journal, VoK JX» 
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Caution to in- 
fure equality of 
tempcidturca 


to atld new quantilics of pounded ice from time ib time, la 
order to keep the frigorific mixture conftanlly at the precile 
temperature of melting -ice. 

As the (pecifid gravity of water at the temperature of three 
or four degrees of the thermometer of Reaumur, is greater 
than that of melting ice, the water which lies at tlie bottom 
of a veflel containing a mixture of water and pounded ice, 
is ufually warmer than the fluid which occupies (he upper 
part of the veflel. To remedy tliis inconvenience my refri¬ 
geratory for the frigorific; mixture was a tin vcfrcl fupporied 
on three feet of cjou incii in Icngili, and I placed this lirft 
' veflel in a larger of wood, containing a ccitain tjuantity of 
ice furrounding the bottom and part of the fulesof the incUiilic 
veflel. 


Method of ob- 
iervatlon* 


Table of the 
courfc of cool- 

io^t 


As in the firft moments of the experiment the thermometers 
defeended loo quickly to be obferved with precifum, I wailed 
till each of them had a^|ivcJ at tiic x'jih degree of Reaumur 
after which 1 carefully obforved the number of minules and fc- 
conds employed in pafling through eacli interval of five de¬ 
grees of the low'er part of tixe Icalc of the thcrmoiuetcr to the 
fitlh ilegree above zero. 

The follow'ing tabic exhibits the dcpreflion of the tlierrao- 
meiers during eight hours employed in the experiment. 


Degnts of the Ther- 
7nomeUr^ 


From 55 

to 50 

5U 

47 

45 

•10 

40 

35 

55 

30 

. 30 

25 

. 25 

20 

20 

15 
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}i }s evident from the refulls of this experiment, (hat thc'^hf biatifci..'d 
blackened body is confiantly cooled in Ie(s time than the po-/ 
hflied body; but it appears by the conrfi; of the thermoirioters, q^iiUJy ih.\n ilic 
that the difference between the quickncis of cooling of (hole 
two bodies varies, and that this dilfcrt nee ivas lefs confnlor- 
able in proportion as the temperature of tlie bodies wa-; more 
elevated in comparifon to that of the medium in winch they 
were exi)ofed to coo!. 

In cooling ftom the 55ih degree to (he .'iOth above the tem- The difTererice 
peratiire of the furrounding medium, the polifhed ^ 

ployed and the blackened body enjploycd 7”'oO'; pro- 

paU through the fame interval. Jiut from the lOtli to the 15th 

' ” ... tr.^riMo.ric'fis 

degree above the temperature of the medium, the polilbcd then /h>-wid the 

bodv cmpiijvcd I S3™ 4-5*, whiltr the blackened body employed 

' ... . 1111 1 - i rt- tuje moic cur- 

oiijy 15'; but it is extremely probable that this diftcrence redUv, 

bel^vcenihe proportion of the times employed in cooling the 

two bodies at different tetn]K*raturies, is only apparent, and 

that it depends on the grealer or lefs lime required for the 

thermometers in the ve.Tols to arrive at the mean tomperaturcs 

of tlie mafics of w'ater which lur?onnd them. 

In order to compare liie refults of (l.is experiment with thofc Ttom thrfc cx- 
I made lalf year with metallic vetILds polifhed and blacki’ned, 
and lett to cool in the undiffurbed air of a large chamber, it rjte ofcuoJioe 
is iieceffary to afeertain liow much lime the two bodies in 'hfhed 

qu(-flion employed in cooling, from tiic 50th to the lOib de-with thriftheVt 
gree of‘ Fahrenheit above the temperature-of the medium. ** 

Now 1 found by obfervation, that the polilhed vcfTel A ein- 

ployed 30^ to pafs over that interval of cooling, while the rnined with bt>- 

blnckcnecl vrlfel B employed only "Fhele -times arc *0 

the proportion of 10000 to 5810. By one of my experiments 

made lail year, I found that the times employed in paffing 

IhrtKigh the fame interval of cooling in the open air by a clean 

polifhed metallic veflel, and another of the fame form and 

capacity, but blackened without, were as 10000 (o 5(554-. 

Reflecting on the confequences which ought to reiult from If the inrenfitlcs 

the radiatioiis of bodies, on the fuppofition lhat the tempera- [rvcTh^ 

lures of bodies are always changing by means of Ihefe radia- the fquarrsof 

lions, I was led to the following conclufion; If the infenfity 

of the adion of the rays which proceed from a body, be uni- in the to.etimc 

verlally a$ the fquares of the diftanccs of bodies inverfcl), 

r » , . . ol the tarae tem- 

3 which 
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peraturc) whc* whfcli is extremely probable, a hot body cxpofed to cool in a 

clofc place, or farrounded on all fides by walls, ought to cool 
with the fame ceteriiy, or in ihc fame time, whatever may be 
the magnitude of this enclofurc, provided the temperature of 
Theft faOscon- (|jg (jjgg ivalls be at a conilant given temperature: and the 
» reluits x>) the experiment here defenbed, in which the hot 

body was enclofed in a velTel of a few inches diameter, com* 
paf%d with Ihofc of feveral experiments made laft year, in 
trhirh the hoate<l bodies expofed to cool between the walls 
of a large chamber, appear to confirm this concluhon. 
gnd A^thc 4ir As to ihc elfe^l produced by the air in cooling a healed 

body expoled to cool in a clofe place hlled with that fiuu], £ 
have rcafon to believe that it is much Icfs conCdcrable than 
has been I'uppoled, 

I have flicwn by dlrefl and conclufit'c experiments, that 
bodies cool and arc heated, and that with confiderablc cele¬ 
rity, when placed in a fpace void of air *; and, by experi* 

' ments made lafl year with the intention of clearing up this 
^point, I found reafons to concinde, that when a hot body 
cools in tranq^uil air not agitated by winds, one twenty-feveiith 
only of the heat loft by this body (or to fpeak more coreciiy, 

, which it excites in U rrounding bodies) is communicated to 

Thcrclt paflcs the air, all the reft bring carried to a diftance through the 
y r^iauon* communicated by radiation to the furrounding foHd 

bodies. 

Sect. IL ExpermenU on cooling Bodies. 

. It is only by careful cbfervation the phenomena which 
accompany, the heating and cooling of bodies, tliat we can 
hope to acquire exad notions of the nature of heat audits 
manner of afting. , . 

Cona.aing , M^py experiments hp^ve beep ma^.by different perfons at 
vucitf dh^reoi times, . with a view to determine what has been 

hciu caljkd (he. condufllng j^i^ity of difterent fubftances with re¬ 

gard to heat: I have tnyfelf made a cOniiderable number, 
arid it is from (h^it ,,r6ftt^ts; often no Ms unexp^ed than iiv. 
terefting, llmt i bave^en jp^ually ted to adopt the opinions 
on the nature of pf«fi|?Ded to fubmit to the 

judgment, bf this iPhe {lj0iitermg:*|:t^ntioa 

♦ See my Memoir on Heat ini the Philofopliica) Tranfadions for 

l%6i " 

■ . : wiUt 
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witlj which (he Clafs has honoured the three Memoirs I have ■ 

Jately prefenled, encourages me to communicate the conti¬ 
nuation of my rcfearches. 

i\II philofophers are agreetl in confidering glafs as one ofOlais is allowed 
the worft conduilors of heat which exitis; and when it 
propofed to confine the heat in a body of whicii the tern-tors. • 

perature has been raifed, or to hinder its diflipation as much 
as poflible, care is taken to fufround the heated body with 
fubflances known to be bud condu6tors of heat. 

The refuUs of inany of tny experiments having led me to fuf-Bodies are not» > 
pc£l that the cooling of bodies is not efl'eaed in the manner 
which is generally fuppofed, I made the following experi-off. 
ment with the intention of clearing up this inlerefting part of 
the fcience. 

I prwured two bottles nearly cylindrical, of the fame 
and the lame dimenfidns when meafured externally ; one be-i,otti|. and athJn 
ing of giafs and very tliick, and the other of tin or tinned iron,one of tin^ 
which vvas very Ihin. EacI) of them is three inches ten lines 
in diameter very nearly', and five'inches in height, and each 
has a neck one inch three lines in diameter, and one inch two 
linos in height. The giafs bottle weighs 13 ouiKres ) gros 
and i d grains poids dc marc, and the .dher thin metallic vef* 
fel weighs only b ounces 1 gros and ‘;;rnins« 

Having very exactly weighed the Lwlile of tinned' iron, I were prepare, 
foundL its exterior furfaco to be 54',46'i indies, which give weighed, 

0,211of a line for the Ihk knefs of its Tides, taking the fpe- 
cific gravity of the metal at 7,8 K)4. 

The mean thicknefs of the tides *»f the giafs bottle is more and mrafurrd. 
than fix times as great, as may be ealily deduced from a calcu¬ 
lation founded on the weight of the bottle, the quantity of its 
furface, and, the fpecific gravity of giafs. 

Having filled (befe two bottles with boiling w»ater, I hung They were filled 
them up by flender firings in the midft of the tranquil air of arrid'leftto^ 
large chamber, at the Insight of fivei^t from the floor, andean the ;iir. 
at the difian^e of four feet afunder. 

The temperature the air of Uie chamber; which did not 

kn ** ■! 

vary a quarter ot a degree duriii^<^lhe whole time of the expe¬ 
riment,* wail'idl of Reaimuir^s'fenW. 

An excellent iner^rial thermometer^ with' a CyKndricat 
bulb, of four inches long apd two lines atfd a halt' in diameter^ 
fufpended ta the*axis E>f Cech of tbefebolUeSj indicated the 

temperature 
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temperature of the contained water; and tbe time emplojped 
in cooling for every five dn^rees of Fahrenheit's thermot * 
meter, was carefully obferved during eight hours. 

The glafs being confidered as a very bad conduAor of heatf 
and the fietesoff the bottle being fo thick, who would not have 
^ exposed that the water in this bottle would have been mere 

fiowly cb(ded than that in the very thin bottle of tin* 

ThegtafabocUe The contrary however was the event; the bottle of glafs 

cooled almoft twice as quickly as that of tin, 
tm* While the water included in the Imttle of tinned iron eni-> 

ployed 56 minutes to pafs through a certain interval of cooling* 
namely through ten degrees^ between the 50th and iOth de¬ 
gree of the thermometer of Fahrenheit above the temperature 
. of the air of the chamber, the water in the glafs bottle em¬ 
ployed opiy 30 minntes/or the fame change, 
lirfertftce# li appears to me, that the reiiilt of this experiment throws 

great light on (he myfierious operation of the communication 
of heat. 

Heat is not If we admit the hypothefis that hotTjodies are cooled, not 

nutenal fab- lofing Of acquiring fome material fubrtance, but by the 
Stance. aflion of colder furrounding bodies, communicated by undu¬ 

lations or radiatipns excited in an ellieiial fluid, tlie refulU of 
thU experiment may be eafily explained; but if this hypo* 
tbefis be not adopted, I cannot explain them. 

Bodies are not It niight perhaps be fufpeded that the air attached by a 

fwrounX^S air. Certain altraaion, but with mteqaal forces, to the furfaces rrf 

the two bottles, might have been the caufe of this remarkable 
differei^cc in the time of their cooling; but thofe who will take 
tlie trouble to refleS attentively on the refulis of the experi¬ 
ments 1 havO deferibed m a preceding memoir, wbich were 
made with a view to clear up this with a coetainc veflel 
firflvn^^d,., and afterwards with tme, four and coat- 
' ^ ingt of yaniifh, w^ll be.perfuaded that Ibis caufe is not fuffi* 

. cienl to explain thiafa%*v 

Attmetaiticvtf- By a:oburfe;of experiments made at Idiunfofa kft year^ df 

whi^h tlm deUib in a Meineir feirt to the Royal 

. tacooU Society of Loodm? Iwve, found that a given quantity of 

hot water^foclude4'W^/iB4^Vi^ * jgiveaf form and 

/lApadiy,; always. the fame qawfknefs an^lhoair^ 


Heat IS not 
likely to he i 
jruterial fab- 
it^nce. 


• $WjO»r Journal, YaCI. PE. p, VBA. 
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vvbgtevor may be the metal empbyed to confirud the velTel t 
provided always that the external furface of the veflW be very 
clean, and the temperature of the air the fame* 

In order that the cooling ihall be etTcfled in the fajne lime, Thefurfacs only 
nothing more is required* than that the external farface of the 
veiTel be truly metallic, and not covered with oxide or oilier • 

foreign bodies* 

On the enquiry, what quality all the metals might have in This arifes from 
common, and potTefs in the fame degree, to which this re- 
markable equality of their (ufccptibility of cooling might be 
attributed, 1 found it in (heir opacity. 

The rays which cannfjj; penetrate the furface of a body, h which the 
muti necelTarily be thrown back or lefie^led; and as the 
ot light, which h.we much analogy with the inviGbIc calo¬ 
rific or frigorific ra)?, cafily penetrate glafs, though they 
are refle£lcd, at leafi for the grcatcll part, by metallic fur- 
laces, 1 fufpedled beforehand the fcfult of the esrperiment 
with the two bottles, one of glufs and the other of tinned 


iron. 

The flate of a healed body, or a b**dy which contains a Ufualoompad- 
certain quantity of caloric, has been compared to that of 
fponge which contains a iertuin quantity of water. Sup-ipungc. 
poling (his companion to i)e juft, we might compare the lots 
of heat by the emtflion of the calcuific rays, to the loft of 
w*ater by evaporation. Let us try if this ceinparifon can fup- 
ply us with the means of throwing fome light on the interefiing 
fubjef*! of our relearciies, * 

Inilead of the fponge filled wilh water, let us fubftituleThcfjmcaai* 
llie earth, and fuppole for a moment (hat the earth is every 
where equally heated, and its furlacc in all parts^covered with 
a bed of ibe fame kind qf foil equally inuil^. 

As a ft]uare league in a mountainous country contains more If it were true, 
furface or more faperficial acres (ban afqanrc league fituated 
in the plain, it iaevident that more whler would be evaporated heat than a 
®fom the whole furfece of the earth in agiven lime rf the earth f*“®®*hoiis* 
were covet^ with mbtmtainsy than if iU furface were aO tm- 
inenfe plain^ ana confequeftl/^ ,tbat ii|ove caloric ought lobe 
projeded from (he fhrface of anytib^ body broken with afpe- 
rtlds, than from the ferface of another body of ihe faiae fom 
and dimenfions^ whjtch is imoolb or weirpoJjlhed* 

This 
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But the faAs This reafoning appears to tne to be jaft, and if I am not 
arc contrary, deceived/ (he cc^lofions which may be drawn from the fafils 

in queftion, well confirmed by experiment^ ought to be confix 
dered as demonftralive* I have taken every poflible care to 
eflablith tbefe faQsj and the refultsot'aH my experimenls have 
conftantly fhewn that more or lefs perfect poIiCb, or the greater 
or lels brightnefs of the furlace of a metallic veflTel, does not 
fenfibly influence the time *'f its cooling. 

A foliihed and I look two C(|uat vefl'cl'^ of brafs and poliflied the external 

highly as poflible; and 1 deftroyed 
iathefanictuiit, the polifli (»f liie othei by rubbing !l in all directions with coarfe 
enu jy, Wlien lliefe Iw'o veifels were filled with IkjI water, I 
ilicl not find that the unpoliflied veflel cmjflovcd more or lels 
time in cooling than that which was poli.'hed. 

Ciutlon. I earotul to wafli the iurface of llu* uopolflhcd veflel 

cf(c*i5lually wiili water before the expenmenl; as I knew that 
if I did not take the precaution of removing all the dirt which 
might be lodgerl in ihearperites of IJljfc^tarface, theprefenee ol 
Ihtl'e fmall ft»reigp bodies would BlpS^iue the f^^t of the ex¬ 
periment in a fenfrble manner. ’ 

A mugl\ r.rfice We ought Carefully lo difunguifii thofe fnrfeces'whicb appear 
" unpolilhed to our eves, but which m tad are not i‘o, Ironi thole 
rtnoftther. which refled Iillie or no' light. 

Mctah not tefs It is mo-e than probable dial the furfaee of a metal is always 

rffl.'it ychir poliftied, and even always equallv lb in ail the cates wherein 
•lann^ tiitJr po* * / t y 

liih. the metal i$ naked and clear gnd clean, noiwithflanding all the 

I 

mechanical means which may be ufed lo Icratch its lurlace and 
/ break (he glare of its luflre. 

If the radiatton Let US return to the cothparifon of (he evaporation of water 
on*£Tro1^ndin** the fufface of the earth, with tlie emiffion of caloric ra- 
bodies, it wiu dialing irom the furface of a heated b^idy, and let us fuppofe 
beofnoc^un^ for ^ ioflant, tlmt the evaporation of ttus water from (he fur- 

tlS^Si^ing ^ of does not depend on t|i(5 beaf of the eartli 

body be poiiibed itfeff but that it is qnnied merely by the influentes of for- 
roundinfr bodies, as fi^^example, by the rays of li^ht receive^ 
from the fun. it h (Orient that, in thls 'cafei the evaporation 
could not be gf^ter irja mountainous country than in 

the plain; and b^'an eaTjf'i^liiogy we 1^, that if hot bodies 
be cooled, nbllnxdnYequence pf the eirnffion of fome material 
fuLfiauce from U>ejr rar;&ces, but by the pofitiye a£lion of rays 

: lent 
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j(cnt (0 them by colder furrounding bodies the, more or lefs per-* 
fc& polifli of their furfaces, ought not fenfibly to influence the 
rapidity of their cooling. 

This IS precifely* what all my experiments concur to prove. ^^^"^****g, 

I have long fought, and with that patience which the ^ 

of the fciences infpires, to reconcile the refults of my experh* . 

ments with the opinions generally received concerning the na¬ 
ture of heat and its mode of aclioOy but without being able to 
fucceed. 

It is in the hands of two of the tnofl illuflrious bodies of 
learned men that ever exifled that I have thought it incumbent 
on me to depofit my labours, roy difeoveries^ my doubts, and 
my conje^iiies. 

1 am earneflly deflrous of engaging (he philofophers of all 
countries to turn their attention towards an obje^ of enquiry 
too long negiciked. 

The fcience of heat is not only of great ciiriofity, from the Imnorrsncc of 

• ** • -• a* • 

multitude of aftonifliing phenomena it offers to our con tern pla- 
tioti) but it is likewil'e extremely inlerefling from ils'^intimate 
coimc6tion with all the uleful arts, and generally with all the 
mechanical occupations of human life. 

Without a knowledge of heat it is not poflible either to cx- ^ 

cite it with economy, or to dtredl Us different operations with 
iacility and preciiion, 

fThe Remainder in our next*) 



On pure ifickel, dijl-oveved io be one qf {he noble Metals, and on 
its Preparation ar^ Properties* % J. B. Ricutee.* 

repeatedly ^yftallizing fulpbate of ammonia and nickel, 
the whole of the ^balt, an extremely,X<^al| quantity excepted, 
will be feparated; but after tbU there ifliti' ferpains (bme cop¬ 
per mixed j^ith the f|i|^ 1 have already announced that this 
metal mfty be fep irat^ from the jnickel by fu^Uming the latter 
with fal a^moniacj^’but at limdT^ad never obtained 
pure nickel. Withil^ comiiounci fliU of nickel,jmd ammonia 


Cohalt fepant«a 
from fulpha^e of 
smmnnU and 
nteket by le* 
peated cryflaUU 
aation. 

Copper, by fub^ 
liming widi fit 
ammoniac. 


* ^ranflated ftom the Jmrxted de Chtiaii of Van Mens, vol. VI. 
p- March, 1805? h'nd abridged by Van Mods from the 
femmej Journal<Ur Cbmie^ 1804, voJ.III* p. 244# 
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The trtpte flit 
rfecompofed by 
carbonate uf 


Arfenic and iron a lillfe arfenlc flill remains; and there may be iron Mkewife, 

when we have been a liille too fpsirinj^ in ihe addition of nilric 
acid to (he lulphbric folulion of cobalt containing calic of nickel, 
I endeavoured to feparate thele extraneous metals in the 
humid way, but not witluomplcte (iicoef<. I decotnpof'ed hy 
means of carbonate of potafli the triple ainnumiacal fait ol 
nickel, free from iron, and as much as poOilde from cobalt: 
the precipitj'e flill was vihbly of a greeniflj blue. Having 
edulcorated it, am! Iicafcd it lo redn-.^fs, it ciiangtid its colour, 
ns it loft its raihonic acid, t-. :i blackifti gray, which hovi’ever 
inclined evidently to a green. The water of cdulcoration, 
whi(‘h had a greenifb aj)pi*aranci% was evaporated to drynefs, 
and the reliJuum, aber being heated red hot, was waftied 
again, A green povili-r renianicti, which did not lofe its co¬ 
lour in the /irt> ami coniilied in great part of asfer.iale of 
nickel. 


Tfic metal re¬ 
duced. 


The refuK not 
pure uickei. 


The fotution 
precipUated. wA 
to ft 
feong hett 


I mixed each of ihe two refiduums fcjiaratf ly with a filth 
part of r'har{\Ki!, and expofed them lo the lieat of a potter’s 
furnace for eigliUcu hours in a ciiptd wdih a lilllc porc<dain 
giaze. The n:cu.Iii- buttons obtained uillefcd a liule iVom 
eacli other. ei-.iurctl a few blows wdii :i hammer witiu 

out cracking: bui ihn of the laUer rLd.duiim was miith m<jre 
white arni I’ragiic than that of the (ormer, tlie c-olour of which 
ap{ 7 ro;Kh(\l t!iut of ih-u! and was flighlly reddith. They were 
both allackcn v\nh avidity by nitric acid, and lliey were aU 
traded b, the magnet, but the former only wcukiy. 

As frotn leverai ^'fferfts on porcelain it appearnl to me pro¬ 


bable, illiat purr nickel w'as a noble metab 1 ditfolved afre/li 
in nitric acid the w liole ijuantity reduced, which amounted lo 
icveral ounces, and evaporated thefolution to drynef#. I then 
poured water on tlie faline niafsj and a beaulii'ul green folulion 
was formed ; bul agreenifli while refiduum remained, in which 
J eafiiy detected the prcfence of iroh, nickel, and arfcnic 
acid. 

The folution, which befide arfenic, contained aconfiderable 
portion of co[)per, ,was precipitated by carbonate of polafls, 
and the irlk uum, the colour of which was iidl very lively, 
though not fo green as iimt of carbonate of copper* was wctl 
wafiied and expofed lo a while heat. This e]uinged its apple 
green colour to a deep green inclining to grey and brown. 
Wiib 9 ftronger beq^ iht mafs aiTuined s grayer browo, and at 

the 
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the fame iJm^appeared to coagolalc. There were likenife 
portions of metal in if, that could not be inifiaken.— 

I could 'however, accomplifti i(s fufion in a wind-furnace. Very refraflory. 
fiirmounled with a rupellaling furnace dome, and having a 
Jong chimney. Jn conlequence, I divided it into feveraJ por¬ 
tions, which J expofed in crucibles to the firongeft heat ot a 
potter’s furnace, in which capl’ules of the moft refra61ory clay 
are frequently loflencd. 

•In ihofe crucibles wdiieh were placed where the porcelain Tufea in the 
is longetl taking, the matter had experienced no change but a f 
coagulation. In the other crucibles it had entered info com- nace. 
plete fution, yet not into a liquid luliou, and the crucibles had 
partly experidneed the fame etleft* l]t;c and there in the 
melted mafi u^etalJic globules were foond, the largeii of which 
were t!*e fize' of a fmall nut, and die lead thai oS a ctierry- 
ftone. 7'heir brilliancv was a mean between tha! of lilver and 
that of Englifli tin. The fcorirc were greenith brown, mixetl Scoi-:*. 
with an amethyfi colour, and In fotne i)laccs a deep blue en¬ 
tirely like fufed ox'tleof cobalt. Tlie bruvM) colour arofe from 
the oxide of copper, which was conipletvdy vilrifiod, and the 
blue from that of cobalt, 'i’he green, on the coutiary, pri>. ArfenUte of 
ceeded from arfeniato of nickel, which, as J have learned by 
experience, firongly rctilis fuhon, without the addition of 
forae combuftible fubfiance. 

I attempted to ^hammer the mclallic globule^ on an anvil. The metal mal- 
and to my great fatisfaflion I found that they pollctlccl <’ontiilcr- 
able malleability.‘ They were eagerly atlrafled by the mag¬ 
net. 


As it was impodible to feparate the fcoric with tl>e hammer Rc*fufion. 

• 4 I 

from the little globules to which they adhered, I collc^led 
them together by trituration and decantation, and expofed (hem 
to fufion afrefh. It waa again complete only in llJe places of 
the furnace moft beatedi * 

<•’ I ♦ 

Convinced from thefd refalls, that nickel is reducible in the Reduced with 
fire without the addiliin of any combuftible matter, I at- 
tempted to Induce oxide of this meta], obtained by the 
decompofitioo ot the tr^le ammoniacai full of nickel, which 
daring an.aninthri'upied laboi||^ .eighteen months, J had pro¬ 
cured. hi a very targe qnautit^|||^On this occafton t|ie fame phe- 

^tng redudiaijs. / * 

al had unde;gQm-* a .cnsi. A button <.f aa 


uoa« 


nomena occurrjsd as iq the p 
1 repecued the melting till 
ptefaEf. and Wiu iound ^! 


fled logcilicr in a button at 

the * 
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the bottom of the crucible. In one crucible which had been 
expofed to tiie flrongefi heat, 1 obtained a button iJiat weighed 
an ounce and a half. 

I was lefs fuccefsful in my fufion when I mixed the oxide of 
nickel with porcelain glaze, or when I {imply covered it with 
iliis glaze; fo that I was convinced the beft procefs was to re¬ 
duce the oxide of nickel diredly. 

After much time and patience, I fucceeded in obtaining fe- 
veral ounces of nickel, which I muft conftder as ablolut^ly 
pure, and I Qiall now proceed to deferibe (he principal cha- 
radlers that 1 have perceived in It i'l^ this ftate,—To begin 
with the external eharadters* 

The colour of pure nickel is a mean between filver and tin. 

* It undergoes no alteration either from the air of the atmof- 
phere or from the water in it: in other words it is infutccpliblc 
of being oxided by the air. 

It is perledly malleable; as it may not only be forged Into 
bars when red hot, but hammered on the anvil while cold into 
ver}^ thin plates. This charadter removes nickeLfrum the claik 
of femi-metals to that of perfedt metals. ^ 

Its denfity or fpecific gravity is pretty confiderable: from 
repeated experimtints with my hidrotneler call nickel weighs 
8,2*79, and forged nickel 8.666. 

Its tenacity likcwife appears conhdcrable, lo judge from its 
great chiclilily. A piece of cafi nickel, weighing live drams 
allowed itftdf to be flattened, but not without cracking, into 
a plate of 13 fquare inebes Rhynland tneafure, which gives 
lefs than of an inch for its tbicknefs. It might probably 
be drawn into a wire of the fame tenuity. 

The relillancc of nickel lo fuflon is very conflderable, and 
equals, if it do not furpafs, that of manganete. The reader 
may have observed, from my attempW to fufe it, how difficult 
it is to obtain any thing decUive on (hUhead. 


At a lemperaturia fufficiently high the pure^ oxide of nickel 
is reducible without the addition of any comboflible mattea. 
Its great refinance to fufion is the only caufe why thU reduc¬ 
tion prefents fo many difliculties, Very little oxidation too is 

inc^detcence: 

f periedt metals 

merely, but to that of noble 

* The fitdton of the magnet 0 u not only vory eoafi^ 


gold,- or filver, 


perceptible on keeping this metal in a fiate of 
it is’merely tamilhed a ttUYe shore than plktihai 
Nickel therefore , belong not^^o the claf^' b 
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dcrable, and Httleiiiferror to-that on iron; but nickel becomes 
\ itfelf xjfjgnetical, or accjatres polarity, by the touch, and even 
in part by finking it with a hammer, or tiling it, with the pre¬ 
cautions fuitable for producing this effect. I difcovcred the 
latter property by prefenting to the magnet a flip of forged 
nickel; when, nolwilliftanding it was poliflicd by the file, it 
adhered more leebly to the magnet than other flips lefs polifhed; 
bot on my pref'enling its other extremity to the magnet, it ad- 
Itered to it with great force. It likewife attra^ed by cither 
fide not only iron necdl^‘ but plates of nickel half an inch 
iquare, v^hich it caufewb move about on a finooih table. 

The properly which nickel pofleircs of becoming magnetic 
js not deftioyed, though weakened by it* alloy with vcippcT; 
but arfenic defiroys it completely, I had trcqucnl opportuni- -.left»o>ca 
ties of making this oblervation in the courfeof my experiments, and 

Some nickel, from wliich I had feparated the irOn* and the malleable In i'ro- 

® » • 

arfenic in the humid wav, and vvhich 1 had alierwards reduced 

purjtv« 

with the addition of a combuflible, fubftance, was maileable, 
and attra6led the magnet, though not lu Ibrcibly as pure nickel. 

I'he lauic njeta!, purified with Icfs care, was Ids malleable, 
and piopofllonally lefs attractable by the magnet. Repeated 
expofure of the metal to the nuifl powerful heat ol a porce¬ 
lain furnace did iu>t in tiie leaft reftore to it this property.— 

Some experiments, which 1 ftiall hereafter relate, have con-Copp*;r muft U; 
vinced me, that copper cannot be entirely feparated frhm 
nickel in the humid way, and t^at the only means of feparat- 
ing them is to reduce the cupreous oxide of nickel by fire. * - 

The fulphuric and muriatic acids have little adlion upon A5>ion rf the 
nickel. The •oxide of this metal by the air does not diffolve “^‘1* 

even in the latter of thcfe acids without the afiifiance of a 

/ 

flroDg ebullition. The^raofl appropriate folvents of nickel are 
the nitric and nitro*rauriatic acids. 1 have already mentioned^ 
that impure nicked particularly the cupreous, is attacked by 
the nitric acid with heat aixd vivacity, l^eadion of the fame 
acid on pure nickel is a little diSercnt, arid particularly on the 

t '% . * ' . ' 

* The reparation the Iron fucceeds belt by a rapid evaporation Bell mode of 

of the nitric folution of the ferruginous nir^el, by which the iron it 

w precipitated in the form of aiTinrolable oxide* At the fame time 

a little arfenic is feparated in union with the iron, tt is preferable, 

hpWever, to feparate the arfenic firft, which is cffefled by the help 

of a nitric folution of lei^* Tlie lead is afterward co be precipi* 

a fidution of fulphatcf <iF potafl?* 

hammered 
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hammered metal 1 have poared oUiic acid o» nickel both in 
buttons and laminated^ expe^ing a very a£ltve folulioa^jbot 
it has proceeded and 1 have even been obliged to have 
reronrfe to the netit of a fptrlt lamp to accelerate it. Tbedif- 
foluibn iiowOver having ^^peared to ceafcj I decanted the 
Ii<{uid and poured on the refiduum a frefli quantity of acid of 
the fame iGirength as tbo preceding, when on a fudden fach a 
brilk afiidn came on, accompanied with the evolution of heat 
(hat I could not remove the capfule to the fire-place quickly 
enough# 

1 thalt now go on to confider fomeof the charaders of pure 
nickel in the fiateof oxidation. 

CharaClera of The nitric folution of pure nickd has a beautiful grafs-green 
ojtuK of nicksl. Carbonate of polafli leparates from it a pale apple 

Prrcipiutt very green precipitate. This precipitate well wathed and dried 
jj. light. A thoufand parts of metallic nickel reduced to 
this precipitate weigh %9Q7 parts. 

If this precipitate be exposed to a while heat it becomes of 
a black ifli gray, fcarcely inclining to green, and weighing 
only ],2So, On cuniinutog th^ the mafs approaches the 
metallic fiatti more aod more, and becomes magnetic. This is 
efFticted much more fpeedily if tlic oxide be moiAened with a 
little oil 

On additig cauAIc ammonia in excefs to a nitric folution of 
nickel, a precipitate is formed, refembling in colour ammoni* 
ure of cupper, but not, ib ^eep. This colour fometimes 
changes in a couple of hours to an atuethyA red, and to a vi« 
olet, which colours are converted into an apple-green on (he 
aildttion of an acid, and again to a blue and violet on the ad¬ 
dition of ammonia. If however we add to the i^ution of 
. nickel a folution of copper, fo to |^odttce no,perceptible 
ehahgc, the colour of tlto {Kedipitate formed by mninonia 
ceafes to aflame a red tinge, and the red cokuir of the ammo- 
niureof ntokel .di&ppears on the addHic^^ a little ammom- 
ure of,copper;'whence it follows, that every precipitate^ 
nickel by ammonia, which retains its idue etdonr, bat copper 

combined with h, ' , . 

, ■ ,.s ^ ■ 

Its hslng a noble" ^ From Ihis k to belike tldit aided, u^der favour^* 

metd qucfliim- able urcumAanen, wodd not becoiae oaS^dd tgrl^e condoned in* 

a»d vfirei * Van Moat* 


Oil promotes 
Its rcdudt'.un. 

FKCipkjte by 
ammonia* 


On 



AKALVSIS OP SOILS. Sl 

HI. 

• \ 

On the Afttilji/li of Soils, as conneBti wih their ImproveMent^ 

£?y HuMPHitEY Davy, 2^. F. ZZ- *?. Profejfor of Chemifliy 
to the Board of Agriculture and to the Royal Injiitulion^ 

!• Utility of IjiveJiigation relating to the Analyfis of Soils, 

The methods of improving lands are immediately connefled 
with the knowledge of the chemical nature of foils, and ex¬ 
periments on their compolition appear capable of many ufeful 
applications* 

The importance of this fubjefl has been already felt by fome Analyfi* of 
very able cultivators of fcience; many ufeful fafts and obfer- 
vations with regard to it have been furnithed by Mr. Young; Young, Lord 
it has been examined by Lord Dundonald, in his treatife on 
the connexion of Chcmiflry with Agriculturci and by Mr. 

Kirwan in his excellent eflay on Manures: but the enquiry is 
flili far from being exhaufled, and new methods of elucidating 
it are almiiU continually offered, in confequence of the rapid 
progrefs of chemical difeovery. 

In the following pages 1 fhall have the honour of laying 
before the Board, an account of thofe methods of anal^fing 
foils which appear nioff precife and tlmple, and mofl likely to 
to be ufefiil to the practical farmer; they are founded partly 
upon the labours of the gentlemen, whofe names have been 
jufi mentioned, and partly upon fome later improvements. 

Xl« Of the Subjlances found in Sotls^ 

The fubOances which are found in foilsi are certain mixtures Soils contain 
or combinations of fome of the primitive earths^ animal and ” 
vegetable matter in a decompofing fiate, certain faline com- remains, faiine 
pounds, and the oxide of iron. Thefe bodies always 
water, and cxift in very different proportions in different lands; 
and the end of analytical experiments is the detefiion of their 
qaanthies and^^mode of union. 

The earths found in common foils are principally (ilex or 
(be earth of flinlst alumine or the pure rnait^ of clay, lime, 
or calcareous earth, and magnefia. 

SileXt or (he earth-of flints, when perfefily pure, appears in Stlex. 
the form of a white powder, which is incombuftible, inftifible, 
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infolubic In water, andnotafled upon by common acids; It !s the 
tubtrance which conftilutes the principal part of rock chryftal; 
it compofes a confiderable part of hard gravelly foils, of hard 
Tandy foils, and of hard (lony lands. 

Aiuminc^ or pure clay, in its perfe6l (late is white like filcx ; 
it adheres tlrongly to the longue, is incombuniblc, infolublc in 
water, but foluble in acids, and in fixed alkaline nienfliua* 
It abounds mod in clayey foils and clayey loams; but even in 
the fmalled particles of thefe foils it is ufually united to filex 
and oxide of iron. % 

Lime is the fubftance well known in its pure fiate under the 
name of quicklime. It always exitls in foils in cotnbinalion,^ 
and that principally with lixed air or carbonic acid, when it is 
called carbonate of lime; a fubftance which in the moft com¬ 
pact form conftilutes marble, and in its looier form chalk. 
Lime, when combined w'ith fulphuric acid (oil of vitriol), pro¬ 
duces fulpliatc of lime (gypfum), and with phofphoric acid, 
phofphale of lime. The carbonate of lime, mixed with other 
t‘uhnauce«, compotes chalky foils and marles, and it is found 
in toft fnndy foils. 

Ma^nvfta, when pure, appears as white, and in a lighter 
powder, than any of the other earths; it is foluble in aiul, 
but not in alkaline menflrua; it is rarely found in foiK ; w'licri 
It does cxift, it is either in combination with carbonic acid, 
or wdth ftlex and alumine. 

Animal decompnjlntr matter exifts in very diftercnl ftales, ac¬ 
cording as the tubftances from which it is produced are differ- 
ent; it contains much carbonaceous fubftance, and may be 
principally rcfolved by heat into Uiis fubftance, volatile alkali, 
inflammable aeriform produfls, and carbonic acid; it is prin¬ 
cipally found in lands that have been lately manured. 

Vegeiahk decompnfiag matter is likev\ife very various in kind, 
' it contains ufually more carbonaceous fubftance than animal 
matter, and differs from it in the refults of its decompofitiun 
principally in not producing volatile ^alkali; it forms a great 
proportion of all peals ;\t abounds in rich mould, and is found 
in larger or finaller quantities in ail lands. 

The faline compounds found in foils are very few, and in 
'quantities fo fmall, that they are rarely to be difeovered. 
They are principally muriate of foda (common fait), fulphate 
of inagnt'iia (Epfom fall), and muriate and fulphate of pola%, 
nitrate of lime, and the mild alkalies* 


The 
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oxide of iron is the fame with the ruft produced by Oxide of Iron. 
expoHng iron to the air and water; it is (bund in ail foils, but 
is mod abundant in yellow and red clays, and in yellow and 
red llliceous lands. 

A more minute account uf thefe different fubftances would 
be incompatible with the object of this paper. A full de* 
feription of their properties and agencies may be found in the 
elementary books on cheiniftry, and particularly in the Syftem of 
Chemiftry by Dr. Thomfon (2d Ed.); and in Henryks Epitome 
of Chemiftry. 


III. InJirumenU required for ike Amdyjts of Soils^ 

The really important inftrumenls required for the analyfis inftruments for 
of (oils are few, and but little expenfive. They are a balance 
CP pable of containing a quarter of a pound of common foil, lamp, 
and capable of turning when loaded, with a grain; a feries hottk-Sj^cni- 
of weights from a quarter of a pound Troy to a grain; a wire mf rtar* 
lieve, fufficienlly coarfe to admit a pepper corn through it*; filters, kmfe, 
apertures; an Argand lamp and ftund ; fome glafs bottles ; 

Heffian crucibles; porcelain, or queen’s ware evaporating 
bafonsj a Wedgewood peftle and mortar; fome filters made 
of half a (Iiect of blotting paper, folded fo as to contain a 
pint of liquid^ and greafed at the edges; a bone knife, and 
an apparatus for colledling and meafuring aeriform fluids. 

The chemical fubftances or reagents required for Icparating 
the conftilucnt parts of the foil, are muriatic acid (fpirit o( and futp. 
fait), fulpimric acid, pure volatile alkali diffolved in water, rljjp 

folution of pruffiate of potafli, leap lye, folution of carbonate lye, catb. amm. 
of ammoniac, of muriate of ammonia, folution of neutral car- 
bonate of potafli, and nitrate of ammoniac. An account ofniu. aoim. 
the nature of thefe bodies, and their effects, may be found 
in the chemical works already noticed ; and the reagents are 
fold together with the inftruments mentioned above, by Mr* 

Knight, Fofter Lane, Cheapfide, arranged in an appropriate 
cheft. 

IV. Mode of oolk^iag^Soils for Anaf^s, 

In cafes when the general nature of the-foil pf a field is to How famples of 
be afeertained, fpecimens of it fliould be taken from different ^ 

places, two or three inches below the furface, and examined 
as to the fimflarity of their properties. ’ It fometimes happens, 
that upon plains the whole of the upper ftratum of the land is 
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of the fame kind, and in this cafe, one anatyfis will be fuffi- 
cient; but in vallies, and near the beds of rivers, there are 
very great difTerenices, and it now and then occurs that one 
part of a field is calcareous, and another part iiliceous; and 
in this cafe» and in analogous cafes, the poriions different 
from each other (hould be feparately fubmitted (o experiment, 
anJ prefervedif Soils when colle6led, if they cannot be immediately ex- 

needful. amined, (liould be preferved in phials quite filled with them, 

and clofed with ground giafs iloppers. 

The quantity of foil moft convenient for a perfefl analyfis, 
is from two or four hundred grains. It (hould be colledled in 
dry weather, and expoled to tlie atmofphere till it becomes dry 
to the touch. 


The fpecific TliC fpecific gravity of a foil, or the relation of its weight 
tMvity ^aler, may be afcerlatned by introducing into a 

phial, which will contain a known quantity of water, equal 
volumes of water and of foil, and this may be eafily done by 
poLiring.in water till it is half full, and then adding the foil 
liil the fluid rifes to the mouth j the difference between the 


. or importance 
fo be icnown. 


Other phyficat 
pTwperlict. 


weight of the foil and that of the water, will give the refuit. 
Thus it the bollte contains four hundred grains of water, and 
gains two hundred grains when half filled with whaler and half 
wiih foil, the fpecific gravity of the toil will be 2, that is, it 
W’ill be twice as heavy as water, and if it gained one hundred 
and fixty-five grains, its Ipecific gravity would be 1825, water 
being 1000, 

It is of importance, that the (peclfic gravity of a foil (hould 
be known, as it affords an indication of the quantity of animal 
and vegetable matter it contains; thefc tubffances being always 
moff abundant in (he lighter foils. 

■The other phyiical properties of foils fiiould likewife be ex¬ 
amined before liie analyfis is made, as they denote, to a cer¬ 
tain extent, their compofftion, and ferve as guides in direfltng 
the experiments. Thus filiceous foils are generally rough to 
the touch, and fcratch giafs when rubbed upon it; aluminous 
foils adhere ftrongly to the longue, , and emit a ffrong earthy 
imel! when breathed on; and calcareous foils are fofl, and 
much lefs adhefive than aluminous foils. 
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V. il/oiie qf a/certaining the Quantity of tVattr of Ahforption 

in Soils. 

I 

Soils^ though as dry as they can be made by continued ex- Bvaporartofl of 
pofure lo air, in all cafes (till contain a confiderable quantity 
of waler» which adheres with great obftinacy to the earths and Us^quintUy in* 
aniinal and vegetable matter, and can only be driven off from **»’*h. 
them by a confiderable degree of heat. The firff procefs of 
anatyfis is, to free the given weight of foil from as much of 
this water as polfibie, without in other refpedis, affecting its 
compofition; and this maybe done by heating it for ten or 
twelve minutes over an A^ga^d^s lamp, in a bafon of porce¬ 
lain, to a temperature equal to 2^00 * Fahrenheit; and in t ale 
a thermometer is not ufed, the proper degree may be ealily 
alcertained, by keeping a piece of wood in contact witli the 
bottom of the di(h; as long as the colour of the wood remains 
unalteredi the heat is not too high; but when the wood begins 
lobe charred, the procefs muft be Hopped, A fmall quantity 
of water will perhaps remain in the foil even after this opera¬ 
tion, but it always affords urefui comparative rcfults; and if a 
higher temperature were employed, the vegetable or animal 
matter would undergo decompofition, and in cunlequcnce the 
experiment be wholly unfatisiaftory. 

The lofs of weight in the proepfs Ihould be carefully noted, On« eighth i$ 
and when in four hundred grains of foil it reaches as high as extreme pro- 
50, the foil may be conftdcred as in the greateft degree ^bfor- 
|bent, and retentive of water, and will generally be found to 
contain a large proportion of ^luminous earth. When the lofs 
Is only from 20 to 10, the land piay be confidered as only 
fiightly abforbent and retentive, and the fiiicious earth as imdl 
abi^ndant 

VI, Of ih^ Separation qf Ston^s^ G^one/, and vegetable Fibres 

Ji*om Smb. 

None of the loofe Hones, gravel, or large vegetable fibres Stones, tcc. r« 
fliquid be divided from the pure foil till after the water is drawn the *dJvfng^* 

off; fqr thefe‘bodies are themfelves ofien highly abforbent and 
retentive, pnd ihconfequence inflaenoe the fertility of the land, 

* In feversl experiments, in which this procefs has been carried 
on by diftiilation, I have found the water that came over pure, and 
no fenfible quantity of other volatile matter was produced. 

Tha 
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The next procefs, however^ after that of heatingi (hould be 
their reparation, which miy be eafily accompliflied by the 
fteve, after the foil has been gently bruited in a mortar. The 
weights of the vegetable fibres or wood, and of the gravel 
and ftones tbould be ft-parately noted down, and the nature 
of the iafi afcertalned; if calcareoas, they will effcrvcfce with 
acids; if filiceoui, they will be iufficiently hard to fcratch 
glaf-t; and if of the common aluminous clafs of ftones, they 
■wdll be foi't, eafily fcralched with a knife, and incapable of 
effervefcing wiih acids, 

VII. Scparution of the Sand and Clap, or Loam, from each 

oilier^ 

Janet, clay, and The greater number of foils, befides gravel and ftones, con- 
^'afh*^£her larger or fmaller proportions of fanii of different degrees 
by cmtiution. of finenefs * and it is a neoeflary operation, the next in the 

procefs of analjfis, to detach them from llie parts in a ftate 
of more minute divifion, (uch as clay, loam, marie, and ve¬ 
getable and animat matter. This may be effected in a way 
fulhciently accurate, by agitation of (he foil in water. In this 
cafe, ihecoaile fand will generally (cparale m a minute, and 
the finer in two or three minutes, whiifi the minutely divided 
earthy, animal, or vegtuable matter will remain in a ftalc of 
Mechanical lufpeniion for a much longer lime; fo that by 
pouring (he water Ironi the bottom of the vefTel, after onc^ 
two, or three minutes, the fand will be principally feparaled 
from the other fubllances, which, with the water containing 
lliem, muft be poured info a filter, and after the water has 
paffed through, collcfled, dried and weighed. The fand muft 
likewife be weighed, an^ their refpeaive quantities noted 
down. The water uf lixivialion muft be preferved, as it 
will be found to contain the faline matter, and the ioluble 
animal or vegetable matters, if any exift in the foil, 

Vlil, Examination of the Sand, 

The find fepa- By the procefs of w alhingand filtration, the foil is feparated 

portions, the moft imj>or(ant of which is generally the 
reeu 3 « finely divided matter. A minute analyfis of the fand h feldom 

or never neceflaryi and its natuie may be deteded ni the fame 
jnanner as, that of the ftones or gravel. It is always either 
liiicious faod^ or calcareous fmd, or a mixture of both. If it 

confifts 



ANALYSIS OF SOILS. 


87 


confifls wholly of carbonate of lime, it w^ill be rapidly foIuWe 
in muriatic acid, with effervefcencc; but if it coniift partly of 
this lubftance, and partly of filiceous matter, the refpeSive 
quantities may be afcertained by weighing (he retidiiuni aflcr 
tlje aftion of the acid, which muft be applied till the tnixtore 
has acquired a four lafte, and has ceafed to tffervefce. This 
refiduura is the filicious part: it mufl be waflied, dried, and 
heated ftrongly in a crucible; the difference between the weight 
of It and the weight of the whole, indicates the proportion of 
calcareous fand. 


IX. Exafuimition of thcfncli/ divided Mailer of Soils, and Mode 
of detecting mild Lime and Magnefia, 

The finely divided matter of the foil is ufually very ccirr pound 'The finHy dl- 
In its nature; itfometimes contains all the four primitive earths 
of ftiils, as well as animal and vegetable mailer; and to afccr- 
tain the proportions of theft; with tolerable accuracy, is the rnofl: 
difficult part of the fubjed. 

The til fl procefs to be performed, in this part of the anal) Muriatic add 
is the expofnre of the fine matter of the foil to the a61ion of the 
muriatic acid. This fuLfianee ffiould be poured np(>n the earth) non. 
matter in an evaporating bahm, in a quantity equal to twice 
(lie weight of tiic earthy matter; but diluted with double its 
volume of w'ater. The mixture ffiould be often ftirred, and 
iuffered to remain for an hour or an hour and a half before it is 
examined. 


If any caibonale of lime or of magiiefia cxifl in the foil, 
they will have bc.en diffolved in this time by the acid, whuh 
foraetimcis takes up likowiie a little oxide of iron; but very 
feldom any alumine. 

The fluid (hould be pafled through a filter; the folid matter Prreip. of ii -n 
collc6icfl, wathed with rain water, dried at a niodeiale heat, 
and \vcighed. Its lofs will denote the (juantily of fohd matter 
taken up. The walhings muft be ailded to the folution, which 
if not four to the tafte, mufl: be made fo by the addition of frefli ‘ 
acid, when a little folution of common pruffiate of potafb mufl 
be mixed with the whole. If a blue precipitate occ urs, it de¬ 


notes the prudence of oxide of iron, and tjie folution of (he ' 
pruffiate mufl be dropped in till no farther effeft is produced. 
To afeertain its quantity, it mufl be colleflcd in the fame 


manner as other folid precipitates, and heated red; the refult 
is oxide of iron. 


Into 
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Into fhe fluid freed from oxide of iroHi a folation of nea« 
tralized carbonate of polaih mufl be poured till all effervefcenco 
ceafes in it| and till its tofle and fmelt indicate a coniiderable 
exrefs of alkaline fait. 

The precipitate that falls down is carbonate of Hme; it 
iDuft be colleded on the filter, and dried at a heat below that 
of rednefs. 

The remaining fluid mufl be boiled fora quarter of an bour» 
when the magncfia, if any exifl, will be precipitated from 
it, combined with carbonic acid, and its quantity is (o be 
afcertained in the fame manner as that of the carbonate of 
lime. 

If any minute proportion of alumine fliould, from peculiar 
circumfiances, be dilFoIved by the acid, it will be found in 
the precipitate with the carbonate of lime, and it may be 
feparated from it by boiling for a few minutes with foap lye, 
fufficient to cover the folid matter. This fubflance ditfolves 


alumine, without afling upon carbonate of lime, 

Orfaensteof Should the finely divided foil be fuflicienlly calcareous to 
wTy ftrongly with acids, a very limpic method may 

by the quantity be adopted for afcertaining the quantity of carbonate of lime, 
of carbouic ac-d. fufficji^ntly accurate in all common cafes* 

Carbonate of lime, in all its dates, contains a determinate 
proportion of carbonic acid, i. r. about 45 percent* fo that 
when the quantity of this eladic fluid, given out by any foil 
during the folution of its calcareous matter in an acid is known, 
either in weight or roeafure, the quantity of carbonate of lime 
may be eafily difeovered. 

When the procefs by diminution of weight is employed, two 
parts of (be acid and one part of the matter of the foil mull 
be weighed in two feparate bottles, and very flowly mixed 
together till the efiervetcence ceafes; the difference between 
their iveight before and after the experiment, denotes the 
quantity of carbonic acid lod; for every fbor ijrains and a half 
of which, ten grains of carbonate of lime nidj^.be edimated. 

The bed method of collecting the carbonic acid, fo as to 
difeover its volume, is by the pneumatic apparatus, the con* 
'dru6lion and application of which is deferibed at tlie end of 
this paper. The editnation is, for every ounce meafure of 
carbonic acid, two grains of carbonate of lime* 
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/Aff q/* injhluble finely divided 

Aniwaland (Vegetable Matt0\ 

After the fine matter of the foil has been afled upon by Ignition in ao 
muriatic acid, the. next procefs ts to afeertain the quantity t)f 

finely divided infoluble animal and vegetable matter that it table and aotuMI 
contains, matters. , 

This may be done with fuSicient precifion, by heating it to 
firong ignition in a crucible over a common fire till no black« 
nefs remains in the mafs. It ibould be often ilirred with a 


metallic wire^ fo as to expofe new furfaces continually to the 
air; the lofs of iveight that it undergoes denotes the quantity 
of the fubfiance that it contains defiru6lible by fire and air. 

Jt is not poflfible to afeertain whether this fubfiance is wholly 

animal or vegetable matter, or a mixture of both. When the 

fmell emitted during the incineration is fimilaf to that of burnt Thc fmelJ Acwf 
« . ..... .... • I .. whether It be 

leathers, it is a certain indication or tome animal matter; or 

and a copious blue flame at the time of ignition, almofi always tabic, 
denotes a confiderabie proportion of vegetable matter. In 
cafes when the experiment is needed to be very quickly per¬ 
formed, the defiruflion of the decompollble fubflances may 
be allified by the agency of nitrate of ammoniac, which at the 
time oi ignition may be thrown gradually upon the heated 
mafii in the quantity of twenty giains for every hundred of ^ 
reiidual (oil. It afifords the principle necelfary to the combuf- 
tiun of tiic animal and vegetable matter, which it caufes to be 
converted into elafiic fluids ^ and it isitfelf at llie fame time 
^ecompofed and loft. 


Mode of fiparaUi^ altminout eaidfdicious Mattac 
and Oxide qf Iron* 

The fubflances remaining after the decompofition of the 7.*^® 

■ I . . t I. . . . Bicx, alumioe 

vegetable and animal maitefi are generally minute particles oxide of 
qf earthy matter, containing ufually alumine and filex with 
combined oxide of iron. 

To feparate there from each other, Jhe folid matter (hould 
be boiled for two or three hours with (iilphuric acid,'diluted 
with four times its weight of water; the quantity of the 
acid Ibould be regulated by the quantity of folid reflduum fulphwne 
to be a€led on, allowing for every hundred grains two drachms 
qr one hundred and twenty grains of acid. 


The 
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The fubflance remaining after the aftion of the acid, may 
be confulcreil as fiiicious; and it rauft be feparated and iU 
weigitt al'ccrlained, after wathing and drying in the ufual 
manner. 

r 

Thealumine and the oxide of iron, if they exift, are both 
diffolved by the fulpimric acid; they may be feparated by 
carbonate of ammoniac, added to excefs; it throws down the 
aluinine, and leaves the oxide of iron in folution. and this 
fubdance may be feparated from the liquid by boiling. 

Should any magnefia and lime have efcaped folution in the 
muriatic acid, they will be found in the lul]>huric acid ; this, 
however, is fcarcely ever the cafe; but liie proccls lor 
detedling them and afeertaining their qinintitics^ is the fumo 
in both indances. 

The method of anaUfis by fulphuric acid, is futncicnlly 
precife for oil ufual experiments j but if very great accuracy 
be an objed, dry taibonale of poiafix nuid be employed as 
the agent, and the refiduum of the incincnition imiii be heated 
red for half an hour, with four limes its weight of tliis fub- 
dance, in a crucible of diver, or ol well baked porcelain. 
The mals <;btaincd mud be diiToIvcd muiiatio acid, and the 
folution evap-lated til! it is ncarl) folid; tlidiUed water mud 
then be added, by which (he oxide ot iron and nil the eartiis, 
except filex, will be dillblved in combination as muriates. 
The fi!ex, after the ufual procclsof hxivijrtion, mud be heated 
red; the other fubdances may be feparated in the fame 
manner as from the muriatic and fulphuric folutions. 

This piocef>is the one uluaily employed by chemical phi- 
lofophcrs for the anaijiis of doncs. 

« 

XII. Modtvf difcovcrUig Jbluhh Animal midVtgeiahlc 

Mailer, and Saline Matlei\ 

If any faline matter, or foTuble vegetable or animal mailer, 
js fufire£led in the Toil, it 'will be found in the water bf lixivia- 
licn uled for fcparaling the faud. 

This w'ater mud be evaporated to dryrtefs in an appropriate 
did), at a heat below its boifing point. 

If the rohd'inatter obtained is of a brown colour and inflam- 

t , 

mable, it may be coufidered as partly vegetable cxiraQ. If 
its fined, ’ w hen expofed to heat, be llrbng and fetid, it 
containa animal mucilaginous or gelalii^ous fubdance; If it be 

white 
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while and tranfparent^ it may be confidered as principally 
faline matter. Nitrate of potalh (nitre) or nitrate ot lime, 
is indicated in this faline mailer, by its fcinlillaling with a 
burning coal. Sulphate of magnefia may be deleted by its 
bitter tade; and iulphute of potaAi produces no alteration ia 
folution of carbonate of ammoniac, but precipitates folulioti 
of muriate of barytes. 

XIII. Mvdc of detesting Sulphate of Lime (Gypfum) and 

rhofpiiate of Lime in Soils^ 

Should fulphatc of plu^fphate of lime be fufpe^led in thcSulphatsof 
entire (oil, tlie detecilon of (hem requires a particular procefs^*”^^" 
upon it. A given weight of it, for inAance four hundred 
grains, mull he heated red for half an hour in a crucible, 
mixed with one-third of powdered charcoal. The mixture 
mnti be boiled for a quarter of an hour, in a iialf pint of 
Water, and the fluid colie£ifd through the filter, and expofed 
for feme days to the afniolphere in an open vcfTel, If any 
folublc quantify of fulphale of lime (gypfum) cxifled in the 
foil, a white precipitate will gradually form in [ho /laid, and 
the weight or it will indicate llie proportion. 

Pliorpliate of lime, if an) exift, may be feparnted from the Phofphate of 
foil after the procefs (or gypfum. Muriatic acid muft 
digefted upon the foil, in quantity more than fuflicient to 
hiturate the foluble eaitlis; the folution muft be evaporated, 
and water poured upon the folid matter. This fluid will dif- 
folve the compounds of earths with liie muriatic acid, and 
leave the phofphate of lime untouched. 

It would not fall williin the limits alligncd to this paper, to 
detail any procefTes for the deteftion of Ibbftanccs which may 
be accidentally mixed with the matters of foils, Manganefe 
is now and then found in them, ,and compounds of the harylic 
earth ; but Ihefe bodies appear to bear little relation to fertility 
or barrennefs, and thefearchfor them would make the analyfis 
much more complicated without rendering it more ufefuL 

XIV. SiaiemetU of RtfaUs and ProduBsm 

% 

When the examination of a foil is compleated. the produfls Produas ftated, 
fhould be clafled, and their quantities ^dded together, and if 
they nearly equal the original quantity of foil, the analyfis 
may be confidered as accurate. It muft, however, be noticed, 

Uiat 
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that when phorphate or fulphate of lime are dlfcovered by the 
independent procefs XIII. a correftion mull be made for the 
general procefs, hy fubtrafling a fuin equal to their weight 
from the quantity of carbonate of lime, obtained by prccipi* 
tation from the muriatic acid. * 

In arranging the products, the form (hould be in the order 
of the experiments by which they were obtained. 

Thus 400 grains of a good iilkuous Tandy foil may be fup* 
pofed to contain 

Grains* 

Qf water of abforption * • <• * 18 

Of loofe ilones and gravel principally filicious - 4*? 

Of undecompounded vegetable fibres • *10 

Of fine filicious fand » - 20Q 

Of minutely divided matter feparatcd by filtration 
and confiding of 

Carbonate of lime • « • Q.j 

Carbonate of magnefia * • • 4 

Matter dtTtruflible by heat, principally ve¬ 
getable * - • - 10 

Silex - . « * - 40 

Aluminc - - - - 32 

Oxide of iron - - • 4 - 

Soluble matter, principally fulphate of poU 
afii and vegetable extradl • • 5 

Gypfum • • • ^3 

Pbofpliate of lime « * • 2 

-125 


Amount of all the products 
Lofs ^ - - 5 

In this ir^flance the lofs is fuppofed fmall; but in general, in 
aftual experiments, it will be found much greater, in con- 
fequence of the'difficulty of collecling the whole (pianiilies of 
the different precipitates; and when it is within thirty for 
four hundred grains, there is no rcafon to fufpefl any want of 
clue precifion in the procefles. 


XV. This gei^erd Method tif Jnal^s may in many Cafes 

bt much fimpUficd, 


Simprifcatjotn^ 
acc. oi tb« 
anatyfis* 


When (he experimenter is become acquainted with the ufe 
of ibe different infiruments, the properties of Uie reagents, 

and 
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and the relations bctvreen the external and chemical qualities 
of foils, he will feldom find it neccflary to perform, in any 
one cafe, all the procefles (hut have been defcribcd. When 
his foil, for infianoe, contains no notable proportion of cal¬ 
careous matter, fhe afiion of the muriatic acid IX. may be 
omitted* In examining peat foils, he will principally have to 
attend lo the operation by fire and air X.; and in the analyfis 
of chalks and loams, he will often be able lo omit the 
periment by ful[)huric acid XI. 

In (he firfi trials that are made by perfons unacquainted 
with cbemiflry, they muft not exped much precifion of refult. 
Many difficulties will be met with; but in overcoming them, 
the mofi ufeful kind of praflical knowledge will be obtained; 
and nothing is fo infirudlive in experimental fcience, as the 
detedlion of mifiakes. The corredi analyfi ought to be well 
grounded in chemical information; but perhaps there is no 
better mode of gaining it, than that of attempting original 
invefligations. In purfuing his experiments, he will be con¬ 
tinually obliged to learn from books, the hifiory of the fub* 
fiances he is employing or adiing upon; and l;is theoretical 
ideas will be more valuable in being connected with pradlical 
operation, and acquired for the purpofe of difcovery* 


XVI, On llit Improvement of Soiht as conne^ed with the 

Principle tf their Cotnpofuion, 

In cafes when a barren foil is examined with a view to its 
improvement, it ought in all cafes, if poifible, to be compared 
with an extremely fertile foil in the fame neighbourliood, and 
in a firoilar fituation: the difference given by their analyfes 
would indicate the methods of cultivation ; and thus the plan 
of improvement would be founded upon accurate , fcientific 
principles. 

If (he fertile foil contained a large quantity of fund, in pro¬ 
portion to the barren foili the procefs of amelioration would 
depend limply upon a fupply of this fubfiance; and the method 
would be equally fimple with regard to foils deficient in clay 
or calcareous n alter. 

In the application of clay, fund, loam, marie, or chalk to 
lands, there are no particular chemical principles to be ob- 
(erved; but when quick lime is ufed, great care muft be taken 
lhatit n not obtained from the magnefian limeftone; for in 

this 
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this cafe, as has been (hewn by Mr, Tennant, it is exceeding* 
ly injurious to land The magnefian limeftone may be 
diflinguiQied from the common linicflone by its greater liard^ 
nets, and by the length of time that it rec^ulrcs for its folu- 
tion in acids, and it may be analyfed by llie procefs for carbo¬ 
nate of lime and magnelia IX. 

When the analytical compariron indicates an excefs of vege¬ 
table matter, as the caule of fterility, it may be deftroyed 
by much pulverization and expofure to air, by paring and 
burning, or the agency of lately made quicklime. And the 
defeat of animal and vegetable matter muft be fupplied by 
animal or vegetable manure. 


XVII. Sterile Soils in diffvrerit Climnfcs andSHmUions mitjh 

differ in CompojUion, 

Different tlU The genera! indications of fertility and barrennefs, as found 
<i?curiiri^mcT* chemical experiments, muft tjeceflTarily differ in different 
xrquirc differentclimates, and under different circumflances* The power of 

abforb moiflure, a principle eflenlial to their produQive* 
nefs, ought to be mucli greater in warm and dry countries, 
than in cold and moill ones; and the quantity of fine aluminous 
earth they contain larger. Soils likewife that are fituated 
on declivities, ought to be more abforbent than thofc in the 
fame climate on plains or in valleys f, The produdivenefs of 
foils muff likewife be influenced by the nature of the fubfoif, 
or the earthy or ftony ftruia on which they reft ; and this cir- 
cumftance ought to be particularly attended to, in confidering 
their chemical nature, and the fyftem of improvement. Thus 
a fandy foil may fomettmes owe its fertility to the power of 
the fubfoil to retain water; and an ubforbent clayey foil may 
occafionally be prevented from being barren, in a moift climate, 
by the influence of a fubftratum of fand or gravel. 


XVIIL Of the chemical Compofitian qf fertile Corn Soils in the 

_ 


A^iul compoH- 


Thofe foils that are moll produ^ive of com, contain always 


tioii of tome 
lertiie foils* 


certain proportions of aluminous and calcareous earth in a 
finely divided ftate, and a certain quantity of vegetable or 


animal matter. 


^ Phil- Tranfajftions for 17P9, p. 30*». This liineffone is found 
abundantly in Yorkshire, Derbyfliire, and Somerletlhire, 

+ Kirwaii. Tranf. Inih Academy, Vol, V. p. 

Th« 
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The quantity of calcareous earth is however very various^ 
and in fome cafes exceedingly fmall, A very ferlile corn ibil 
from Onniflon in Eaft Lothian afforded me in an hundred 
parts, only eleven parts of mild calcareous earth ; it con-« 
tained twenly-iivu parts of filicious fand; llie finely divided 
clay amounted to forty-five parts. It lofi nine in decompofed 
animal and vegetable matter, and four in water, and ^dbrded 
indications of a Imall quantity of phofphate of lime. 

This foil was of a very fine texture, and contained very few 
ftoncs or vegetable fibres. It is not unlikely that its fertility 
was in fonie incafure connected with tlie phofpliale; for this 
fubfiance Is fbuiiU in wheat, oats, and bailey, and may be a 
pait of their IcmkI, 

A foil from (he low lands of Somcrfelfliirc, celebrated for 
producing excel Ion? crops of wheat and beans w ilhout manure, 

I found to confifi of one-ninth of fand, chiefly filicious, and 
eight-ninths of calcareous marie tinged with iron, and contain* • 
ing about five parts in the hundred of vegetable matter. I 
could not detect in it any phosphate or fiilphaic* of lime, fa 
that its fertility muft have depended principally upon its 
power of atira6ling princip!v'.s of vegeULI^ nouiifliiiuiu fronr 
water and theatmofpherc *, 

Air. Tillel, in fomc experiments made on the compofiiion 
of foils at Paris, found that a foil compofed of ihree-elghths 
of clay, Lwo-eigblhs of river fund, and tiiree-eighths of the 
parings of liniefione, was very proper for wheat. 

XIX. Of the Compofitlon of Soils proper for bulbous Roots 

and for Trecs^, 

In general, bulbous roots require a foil much more Tandy, SvmK pn n-*! fc«r 
ond lefs abforbent than the graffes. A very good potatoe foil, 'V 
from Varfel in Cornwall, afforded me Icvcn-cighthsof filicious 
fand ; and its abforbent power was fo (mall, that one hundred 
parts loft only two by drying at 400 Fahionheit. 

Plants and trees, the roots of which are fibrous and hard, 
and capable of penetrating deep into the earth, will vegetate 
to advantage in almoft^all common foils, wdiich are moderately 
dry, and which uo not contain a very great exads of vege¬ 
table matter. 

♦ This foil was fent to me by T. Poole, Efq.. of Nether Stowev, 

It is near the opening o^ the river Pairet into the Biiiilli Channel j 
bat| 1 am told, is never overflowed. 

I found 
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ft 

I foimd the foil fafcen from a fieW a( Sfieffi«/c{^p/ace in Su(7ev^ 
remarkable fur producing flourifhing oaLs^ to coniid of fit 
parts of fund, and one part of clay and finely divided matter. 
And one hundred parts of the entire foil fubmitted to analyfis, 
produced • 

Parti. 

Water - * • • 3 • 

Silex 54 

Alumine • • *- * - 28 

Carbonate of lime • . ~ 3 

Oxide of iron » • • • 5 

Decoinpofing vegetable matter 4 

Lofs »...•» 3 

XX. Advantages qf /mprorowcnfa wi'zdc hy changing the Co?n* 
pojitmn of the earthy Parts of SoiUm 

From the great difference of the caufes that influence the 
produflivencfs of lands, it is obvious that in the prefent fiate 
of fcience, no certain fyfiem can be lievifed from their im« 
provement, independent of experiment; but there are few 
cafes ill which the labour of analytical trials will nut be amply 
repaid by the certainly with which they denote the beft 
methods of amelioration; and this will particularly happen, 
when the defed of compolition is found in the proportions of 
the primitive earths. 

In fupplying animal or vegetable manure, a temporary food 
only is provided for plants, which is in all cafes exhauiied by 
means of a certain number of crops; but when a foil is render* 
ed of the befi poflible confiilution and texture, with regard 
to its earthy parts, its fertility may be confidered as per¬ 
manently efiablilhed. It becomes capable of attra£ling a very 
large portion of veget.:ble noi^ifimient from the atmofphcre, 
arid of producing its crops with comparatively little labour and 
expetice, 

Deferipiion qf 'the Apparatus f&r the Analyfis qf SaUs^ 

A. Retort. 

£• B. Funnels for die purpofe of filtrating. 

D. Balance. 

£. Argand^s lamp. 

F, G, H, K. The different parts of the apparatus required 
for mqafuring the quantity of elafiic fiuid given out during 

the 
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llie sAiOff of tHf acrd on calcarequs foils. F. Seprefents the 
bottle for contajoing (he foil. K. The bottle contaihing the 
acid Aimithed with a fiopcock. G. The tube connefled with 
m flacckf bladder. I. The graduated meafure. H. The bottle 
for containing the*.bladder. When this inftrumcnt is nied, a 
given quantity of foil is introduced into F; K is iilied with 
muriatic acid diluted with an equal quantity of water; and 
the ftop-cock being clofed (s conneded with the upper orifice 
of F, which is ground to receive it. The tube G is introduc¬ 
ed into the lower orifice of F| and the bladder connected with 
it placed in its flaccid fiate into H, .which is filled with water. 

The graduated meafure is placed under the tube of H. When 
the flop-cock of K is turnedf the acid flows into F| and ads 
upon the foil; the elaftic fluid generated pafles through G 
iaio the bladder^ and difplaces a quantity of water in H equal 
to it in bulk, and this water flows through the lube into the 
graduated meafure; the water in which gives by its volume 
the indication of the proportion of carbonic acid difengaged 
from the foil; for every ounce meafure of which two grains of 
carbonate of lime may be eflimated. 

L. Rcprefenls the fland for the lamp. 

M, N, 0| P, Q, R, S. Reprefent tlie bottles containing the 
difierent reagents. 


IV. 

Di/covetf^a jt«i)TrgrfcWc Sub^^e^ by Mr. Rose 

A CONCENTRATED decodion of the root of clecam- Decodlon of 
pane, inula lukmuo^i flandtng Ibme hourly depofits 
white powder»>j^p^jng. fight much like ftarob, butj^ lefembling 

differing jirom 4 ba^i! in >1^ '^{wsnoiples and in its msuner efftirch* 
comporting kfetf with other Aib^nccs, 

1. This (ubflance is generally infoluble in cold vraler. xtisinfolublein 
Being ^^raled;with U « whH^^ttvI^y liquor i/l^med, winch 

foon depofifi # heavy'iliute powddr, and leaves the fuper- 
natant . water clear and limpid. , - 

2. It diflblves very well in boiting water. On . beating to Soluble m UU- 
d>aHiUoa one part the white powder, with.fotflar parts of*"® 

a l^rom Gehleh^ 1004, Voh ttL p* 217* 

Vol. RlI,««iOcTouaL, H watCTi^ 
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trew vegetable SUBSTA-KCB*,; 

water, e complete folulion is obtained, wbich pafles through 
€kefing pafier while hot, but on cooling, acquires a mscila* 
gtnouscontifteiKre and a dull colour* In the courfe of fome 
hoars this folution depofits the greater part of the fubfiance 
dillulved in the form of a compad wln'le powder. 

A folution of one part of gum urabic, in four parts of 
water is much thicker^ of a more tenacious confiitence, and 
froths lightly, which the folutiop of the powder from the 
elecampane root does not* 

S. On mixing the folution of the wliiie powder with an 
equal quantity of alcohol, the mixture is at tird clear, but in 
a Utile time the powder fcparales in the form of a tumid white 
fediment, leaving the fluid above it tranfpaieiit. A folulion 
of gum-arabic on the addition of alcohol becomes immcclialcly 
milky, and long retains (his appearance, no kind of powder 
feparatiog even in feveral days. 

When thrown on burning coals, the white powder melts 
like fugarand evaporates^ ditTuUng a white, thick, pungent 
fmoke, with a fmeli of burnt fugar* After this combuftion a 
light refiriuum only remain's, which runs into the coal. Starch 
emits a GmiUr (moke, but does not melt, and leaves a coatly 
relkluum mucli eater in quantity. Gum-arabte under the 
fame circudifiancth gives out fcarcely any fmeke. 

Heated in ao iron fponn or'cr charcoal the powder flrfl 
melts, and emits the fmoke above deletibcd* As foon as iha 
fpoon becomes red liot, it bums with a vivid light flame, and 
leaves a very trifling coally reflduum. Starch under the fame 
oircitm&nccs does not meft, is moc^h loc^r before it burns, 
tnd leaves a conflderable re&duum ot coally matter. Gum- 
arabic only fparkies, does not (ake fire, and leaves a great 
deal of coal, which ts readily convertible into gray iflt albes. 

5* By dry difiillaticn we obtain from (bis powder of (he 
efeinnipane root a brown empyreumatic acid, having the 
fmeli of pyroxaKc acid, but not an atom of empyreumatic 
oil. ^ 

o. The nitric add transforms the powder only into malic 
acid and oxalic abti^, anti when ufed in great exc^fa into 
acetic acid: but w'e do not obtain an aU)iD of the facchola^ic 
add, which gum-arabic treated in the fame manner furtiilhes 
fo abundantly; or of'the hiUy matter winch is generated by 
Ihq adton of nitric acid on /larch. 


V 


From. 
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From all ftefe phenomena it follows, that ihh farinaceous Hence of a 
powder extrafled from elecampane root, is neither ftarch nor 
gUm« hut a peculiar vegetable fubflance holding a middle and piobably 
rank between the two. It rS probable, that it exifts in many 
other vegetables,, and that feveral produfls hitherto confidered 
as ftarch are of the fame nature as this farina. 

i n ,■ u M.iip i ii ■ i.. ■■MF ■■■i- 
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New Gtdvatdc Diftoverm by Mr* Ritter, etira^edfrotnu 
Letterfrojn Afr.C hrist. Bernoulli *• 

1 Here tranfmit you the information you requefted re- 
fpedling the late experiments of Mr. RUler, to which I fub* 
join fome account of that gentleman* 


i. Charging of a Louu d'Or by the Pile, 

The pile with which Mr, Ritter ufually makes his expert* M*-. RUtet*» 
ments confifts of a hundred pairs of meUllic plates, two inches 
in diameter. The pieces of zinc have a rim lo prevent the 
liquid prelTed out from flowing away. The apparatus is always 
infulated by feveral plates of glafs. 

As Mr. Ritter at prefent refides in a village near Jene> I His grand 
have not been able to fee his experiments with his 
battery of two thoufand pieces, or with his battery of fifty 
pieces, each tbirty-fix indies fquare, the aflion of which con¬ 
tinues very perceptible for a fortnight. Neither have I feen 
his experiments with ,the new battery of his invention, con- 
fifting of a, tingle metal, and whicif he calls the cAorging sad charging 
pile. ' - 

I have frequently bo,V’^evei;, feen. him galvanife louii dV Louis avr 
lent him by perfo^-^ir^y^t. To .effeft this, he 
louts between two pieces of pafteboard thoroughly wettea, the galvanic 
and keeps it ftx or eight minulei in the chain of circulation circuit, 
conne^ed with, the pile. Tlu^s the louis becomes charged, 
without beiogfimmedii^Iy in couita^ with the conducing 
wires. If this louis be applied afterward to the crural nerves excites coatrac 
of a ftog recently prepared, the ufual contradions will be 




* Tranflated from the Jeuma! de Chmi* and 4$ Pbjfiyue of Van 
Mona, No. 17, p, 133 , Itfarch, 1805. 
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and ttiiy thus be 
diftinifuiihed 
mong oiherS) 


as U does i^ot 
t Jofe iti» charge 
for fome 
minutes* 


This fliows the 
affinity of the 
galvanic with 
the magnetic 
fluid) between 
which and the r 
de&ticy it holds 
a middle place. 
Seveiat pieces 
may be charged 
at ooce* 


Kittcrian pile* 


Metals thus, 
charged acquire 
polarity* 
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excited* I hed put a louts thus galyan^ kAo my fMketf 
and Mr, Ritter laid to me a few mmutei after> that I 
find out this louis from among tlie reft, by trying them in 
fuccelBon upon the frog. Accordingly I made the trial, and 
in reality diftitvguilhed among feveral othefs a fingle one, m 
which the exciting quality was very evident. This charge is 
retained in proportion to the time that the piece has remained 
in the circuit of the pile. Of three different louis which Mr. 
Ritter charged in my pretence, neither loft its charge in lefs 
than five minutes, AH thefe experiments fucceeded com¬ 
pletely, and>nothing Teemed foeafy as to repeal them. 

This retention of the galvanic ciiarge by a metal in contadl 
with the hand, and with other metals, (hews this communica¬ 
tion of the galvanic virtue to have more affinity with mag-* 
netifm than with eleflricity, and alfigns to the galvanic Hu^id 
an intermediate rank between the other two. 

1 

In the manner which 1 have juft defcrlbed, Mr. Ritter can 
charge at once as many pieces as he wiflies. It is fufficient 
if the two extreme pieces of the number communicate willt 
the pile through i!ie intervention of wet pafteboards. It is 
with mclallic difcs charged in this manner, and placed upon 
one another with pieces of wet pafteboard alternately iiuer- 
pofed^ tliat Mr. Ritter conftruSs his charging pile,' which 
ought in remembrance cf its inventor to be called the Riitcrian 
pik. The. conftrudllon of this pile fliows, that each metal 
gaivantfed in this way acquires polarityj^ as the needle does 
when touched with a magnet Tboui^b 1 have had no op¬ 
portunity of feeing this new pile, I have convinced my felf of 
the reality of the phenom«ion,by an experiment of tbe higheft 
importance to fcience, and for the invention of which we ate 
equally indebted to the.fame ingmious. philofopher. 




2, D^ennt Exci^fUty of rte-'jPkr/s qf Anmab* 

niffeventexcu j^uring the courfe of feveral years m which irfr. Riiior has 
* pitttt of employed in galvanic parfuils, and during which^he has 

made many Ihoufands experiments^ the'exdtariqn pro¬ 
duced in the fto^ by ftm contad df two diifer^t metals, 
for Mr. RiUer has Yidt entirely abandon^ the origin^ wode of 
galvaniftqgf like n^ other experimentalifts, who employ 
yplia^s pile excliiftvely; he bad^perceived not a very, 
diff^ence in the exciiabtlity df/tfae 

animalsi 
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^ bul tlfo a difference of excitement between tbe 

I 

ixtebror and flexoi‘ mufcIeSf according as the pofiiive or nega¬ 
tive pc3e was applied to them, or as they were a£led upoa 
the inJlant after ^be mataU were brought into contad or 
feparated from each other. 

When the excitability is at its higbefi point of energy, as in When the 
very young frogs the moment after they are prepared^ or in jf ^ 
adult frogs during the coupling feafon, the ^flexors alone con- greatcfi, the 
trad, and in particular the flexor tnufcles of that thigh 
which the fllver or negative metal is applied^ contrad at the vamfm; 
inflant when the metals come into contad, while thofe of the 
thigh to which the zinc or pofitive metal is applied, contraft 
at the inflant of their reparation. 

The oppoflte effefls are obfervable in frogs, the excitability when it is loweA 
of which is on the point of being extinguiftied, (Ritter's 
degree.) In (his cafe the extenfors only contrail, and the negative, 
flexors remain abfolutcly motionlels. Ai the moment of 
contad of the metals the mufcles on the zinc ftclc alone are 
thrown into adion, and at the moment oi feparalion thofe on 
the filyer tide. 

Mr. Ritter difltnguiflies (Iiree degrees of mean excitability. When Acecd- 

At the fecond degree ^he firfl of the three mean degrees,) t^'en^themc- 

when the metals are brought into contact, a (Irong excitement dium and eithsr 

of the flexors is difplayed on the filver fide, and a weak 

excitement of (he extenfors on the zinc fide ; and when the Aexors and ex- 

metals are feparated a ftrone excitement of the flexors is feen t^nfors fimuiu- 
* . J. . /• . r ncous but ua» 

on the zinc tide, ai!M3r> a weak excitement 01 the extenfors on equal, 
the fllver fide. 

At the fourth degree of excitabiftty the contrary takes At the medium, 
place. At the thirdf or middle degree the excitability appears fimdtanroua.” 
to be equally dUlributedi ike conlra6tion$ on each fide appear 
equal, and at the momj^ of conlaA the flexors contraAon 
the filver fide, the extenfors on the zinc fide; while at the 

I ^ 

moment of foparation the extenfors contra^ on the filver fide, 
and the flexors on th^ zinc fide. 

Mr. Ritter ^owed me all thefe phenomenal and it was very 
eafy to difl;rngaifli>he different contra^fons. I have not yet 
had time to repeat thefe expcrimtnls, but I am afraid, eafy as 
they appeared to be, they will require an expeHienced hand, 
to produce fuch diftin6l eShSs as I faw, Npne of theexperi- 
Bwnts Which Mr. Riltea performed before me fucceedfed with fuwed 

him 00 the firfl truU 
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Mr. Rkter*9 
snerit not fuf* 
£Qlent!y ap- 
prcciateitj 


•irtly owing to 
us %l9. 


Account of 
Mr. Ritter* 


He it cotnpo* 
fing a fyftcmatic 
woric on gal* 
vanilm* 


him the firit time. Moft of ihefe elcpenisints bAve nover yot 
been made public, and fewr philofophera have juftly appre% 
ciated the value of thofe which have been given to the world* 
There are fome people, who, habituated fojely to the firiking 
eflefls ofgrofler phyfics, fuppofe it itnpoifible for a young 
philofopber to fee any thing more than themfelves in the 
delicate phenomena of a more refined order of phyfical exf 
periments. Wh%t has greatly cbntributed to prevent Mr. 
Ritter from attaining the high reputation he deferves is his 
fiyie, which, by endeavouring to give it preeifion, he has 
rendered obfcure; but in converfation it Is quite otherwife, as 
here he combines the flrifileft logic with the greateft fimplicity 
of expreflion. 

Mr. Ritter is one of thofe men, who owe every thing to tto 
infpiration of genius, nothing to education. He was intend¬ 
ed for a mechanical occupation, when the difcoverics of 
vani excited in him that innate tafie for the phyfical fcienceSj^ 
which has carried him over every obfiacic, and raifed hkfi w 
rank among the firfi natural philofophers. Deftitute of every 
fourcc for procuring liimfeif the apparatus indifpenfable to 
ordinary phyfics, but fwayed by the enthufiafm of inquiry, 
he greedily feized the oppoilunity of obeying this impulfe by 
purfuing a .feries of experiments, that require only a fimple 
and not a very expenfive apparatus. Europe has rung with 
the fuccefslie has obtained within the (even years he has given 
to his refearches. He uufi have written much to procure 
himfelf a large pile, and the moft nectary books of natural 
philofbpby. 

Not lefs indefatigable as an experim^ler than ingenious as 
a tbeorifi, he has committed to, writing thoufands of cxpen% 
flientf, which his time divided between galvanic experiments, 
apfriicatipn to other branches of phyfics, and the ftudy of 
languages, has not yet allowed him to put in order for publi¬ 
cation. ' But this Rate of confiraint is about to be at an end. 
The elector Bavaria, that enlightened prince, whofe phito- 
fophical benefieenee ettraSs to hrs dominions the mofi dl& 
tinguilhed men of fcienceand learning throughout Europe* 
has jufi appointed Mr, Ritter a Member of the Academy of 
Munich, w^th'afalary of about 2Q0l. a year* 

Me, RUter ^s been employed thefe fix months in com*^ 
po^hg^ fyfiematib work op galvanifnjj^ li^'t he does \%0ii think 

ko 
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he (ball be a^)ie to finifh it in lefs than two or three ycars- 
When I left him he was going to publiOi Tables of (rn/iYrWe^ 
Jftfdiy, inciudhig all the fubltances on which he has 
eKperimenls. Thefe tables will be of as rnach importance to 
galvanifm as •lhafe*of Bergman were to cheminry : they will 
ihow> though not yet m a complete manner^ the order tn whid) 
fubfiances follow each other with refped to exciting or re¬ 
ceiving the galvanic adron. • , 

But to return to the experiments refpefling the charging 
metals. Mr. Ritter, after having Ihown me his experimenu hg;: two pakt* 
on the different contra3tbi!ity of various inufclesj, made me 
obferve, that the piece of gold galvanifed by communication 
exerts at once the adion of two metals^ or of one conflituent 
part of the pile; and that the half which was next the nega¬ 
tive pole while in the circle became pofitive, and the half, 
toward the pofitive pole became negative. I w*as completely 
convinced of the reality of thefe diflerent phenomena, fo 
important to phyfic in general, and to phyfiology in par¬ 
ticular. 

Mr. Ritter having clifcovcrcd the raetluKl of galvariifing Gjldpn needles 
metals, as iron is rendered nuignetic, and having obferved that 
galvanifed metals always exhibit two poles, as the magnetic 
needle does, had the curioliiy to obferve the efTeft of golden 
needles cliarged with galvanifm and balanced on a pivot. 

To tiis furprife he perceived, that thefe needles had a certain Wh dip 
dip and variation, and that the angle of variation, the quantity but diUVrcnt 
of which I am forry I cannot recidle^i, was uniformly the ^hc 
fame in all his experiments. It differs however from ttet of 
the magnetic needle, and the pofitive pole always dips. 

VI. 

' » > 

Jmprovemctii in applying the Points in Ele^ricahMachines. By 

Mr, G, J. SiKGEa. 

To Mr. NICHOLSON. 

.SIR, Princes Street, Sep, \9th, 1805.’ 

In the ordinary cQpfirufiion of eleflrical machines, the col- 
le£ling points are fixed, and by the lead accidental motion are 
liable to feratch the glals, to obviate this inconvenience, 1 

place 
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place my poirits in a cylindrical wire« tertnipat^ byfoiootti 
wooden balls* whofe femidiameter is lefs than the ieng^ of 
the points: This wire is moveable on its axis* by meaps of a 
fpring focket annexed to the Hem which enters the conduQor: 
The |> 0 ints tn^y of courfe be placed at required e]evattpijij» 
apd the greeted inten/ity any variation in their iituation pro* 
ducesi to obtained. When the. pbints are elevated a little 
ebove the horizontal line* the daqger of fcratching the glafs 
is effedually preven^d* by the balls coming in conta^ while 
the points are kept at a ftnall diiiance. The fecurity this 
application f^oduces* and the additional intenfify it afford^^ 
have induced me io trouble you with this communication. 

I am* 

Dear Sir* 

Your^s, S:c. 

G, J. SINGER. 


VIL 

Quejlion •whether Light as a Body imy not have Us Tenq^erntarc 
raifed or lowered, and produce the llJHis ttjcribed io reJicBed 
Heut» By J. P. 

To Mr. NICHOLSON. 

SIR, 

OSSESSING no difier^lial thermometer* nor any time to 
employ it* I cannot prove whether my opinion is well founded 
or not* re4>^ing the mgenious experiments of Mr. Leilie or 
of M. PiSet* by which the refle£lion of i|»v.ifible (not radiaut)[ 
beat, and even of cold* appears to have been proved. 

i^dead of there being an a^ual refledlion of heat as a fub- 
ilahce* or of cold as a fubdance* is it not in all thefe cafes 
a refie^ton of heated or of cooled light ? In the experiments 
with the heated cannider* the light of the roemt is* I doubt 
not* heated by die cannider; and if coUeAed in a fbcuf* mud 
produce an effeA on the ^ermomeier* anfwerable to the in* 
creafed quantify of beat with which it is impregnated. . Thus 
alfo in Monf. PiSePs experiment* (he light intercepted by the 
mirror and ibetme re^eAed* has tijeen deprived of a portion 
of its cnloric* or in other words cooled^ by the ice ; at die 

focal 
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ifbcal point tlierefore will be a coIleSion of cooled rays of light# 
which mod necetTarily occaHon an eiTed on the thermometer, 
the reverfe of that of the former experiment. That light is a 
body capable of being united with caloric, and that heated or 
cooled light ifaould thus be reflefled and occafio’n all the phe* 
Bomena of Mr, Leflie^a and of M« Pi£let^s experiments, ap* 
pears to be much more probable, than that this calorific and 
higorific fluid lliould be the ambient airi or that cold, as a 
body, (bould be reflefled from mirrors in fiich a manner as 
light is perhaps only capable of being refleSedk Were the 
experiments fo made that no light fliould be in the room, and 
only a fmall confined portion of light ufed to examine the 
thermometer, thefe conjedores would be put to the trial, and 
} truA the myflery would be removed. 

Sir, your's, 

j. p- 


vm. 


Jixperiments on a Mineral fo) nurlp culled jlljl: «oiy 

CexUe, in ‘iohich a ncuj Metal has biai found/'' 


Mr . Klaproth, about eight months ago, fays Mr. Vauquelin, Klaproth fup- 

ft‘nl me word, that he bad difeovered in the tungftein of Baflnas 

, I ■ difeovered a new 

a new earth, to which be gave the name cl ochroil, on account eaith in the 

of the red colour it acquired by calcination, Meffrs. Hifinger tunfiftein; 

and Berzelius, hearing (his, wrote to Mr. V. claiming the Hiiinger and 

priority of difeovery, but affirming at the fame time, that What ^7^^**^* 

they had found Was a ne^ metal. iThefe gentlemen afterward 

feni Mr. V. fpocitu^s of the mineral, which he analy^ in 

company with two experienced praflical chemifis, Meflrs* 

Taflaert and Bergman. Tbe following were the refults of tlieir 

analyfis: 

The pure cerite f is femitranfparent, with a flight rofy tinge, Charafters of 

pure Cbrite, 


. ^ Abjndged iFrom a paper by Vauquelin in the Annalesde Cbimte^ 
V,al. LIV. p. 28, ni.d another by Meflrs. ijifingei* and Berzelius in 
van MonS^s Journal de Chimte^ Vol/VI. p. 142.—C. 

f Meflrs. H, and B. have given to the metal the name of terion 
or emwst from the new planet Ceres, and to the mineral in which 
they difeovered it ib^ p{ emU, 


Of 
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fotaih and aru- 

DiOil'iM* 


Examined by 
di/Tereat re* 
9gejit5* 


EEf«EXVB4«rft 61$ 6M%iTk^ 

fir of a Itf^t ar deep *. It ^ OifliScHitIjr hard to 

fcratch gh{s f, flrikes fire withdifficolty,<and ltd fpecific gravUy is 
4'a.sa It has no determinate crjrfiidfiae figoire. Its frafiere 
is c<M»pa^ and a little fhining* ltd powder is of a greyilh 
ecdoar; it b^-omes yellow by calcinaitbn, and lofes twelve 
pcfcentf* 

Mxjh I. Two bondreti parts of thiasninerat treated with nu 
tro*iDorbiic add three tiroes faccedively* gave abundance of 
nitrous add and oxigenated muriatic acid gas* The firfi and 
fecond folotions being diluted with water were of a gold colour; 
thelliird was cohnirlefs* Flic former two being mixed depo- 
fited fpcmtaneottily in time a fraall quantity ol white fediment. 
The refiiluum left by the nitro-murUtic acid w'a^ of a gray co¬ 
lour with a flight rofeate tinge, and weighed 62, io that r $ 
parts were diflolved. 

£xp, 2. The Wutlonc being evapor:>ted (o tr>t' ronnPencC 
of f)rup to volatilife, the fupcrfiuoki;i ai id reinattieJclear the 
end of the operatmi Their m.duuin, diluted with water, 
affrdtd a milky It^^uor, with a flight rofy lint, aiiu a very 
aifriogtnt lalle. 

IhulTi^ite ot pot^ fb produced in t* ,i g-’crniHj blueprci jpftak ; 
ike colour of which wasebonged to » bioi^ o by a fiDaii quantity 
cd aniiponia. 

the liquor into which a froall quantity of aromonia Lad 
bi*en put to precipitate the iron alone was poured into a hilu, 
hut would not pafs thidogh. It wa-> heated therefore, and 
filtered, when it appeared of a gold colour, and had a very 
iaccharine laiie. Pruifiate pf potuib and oxalate of animonid 
threw down from it perfefily white precipitates. 

The maltei left on the filter continued for a long time to 
impart a yellow tinge to the water with which it was wafbed. 
It was of a red colour, and appeared like oxide ol iron at a 
maxiiDuro of oxidation. 

The folution thus deprived of the red uiatler by ammonia, 
was examined b|y various reagents. Pruffiate of potafii gave 
with it a white, floccolent, gelatinous precipitate* Infufion 

Opake, and fometimes but very laicly, yeliowifh. Mefirsu 
H. and £. 

f Does not fcratch glafs. M. and B, 

i Unequal and angularr H* and 

$ Six or feveu* U. and « 

of 
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of gaH^f a brbii^^^^tecgttlent fedicnentt unaflfefled by modfttia^ 
scid/ Carbonaihe of potaftij a very copious while gdatino^ 
pr^tpftate^ Caa^ic poUfb^ ibe fame; and an exceCf of thlv 
Iwagent produced^no cbhnge* Oxalate of ammonia, a very 
copioai^^; white, jflocc^ient precipitate, infoluble in aaexcofi 
of q^dic acid. Saiphoric acid, a yellow cryflatline precipitate . 
folubie in water, Marate of tin whiteadl the fdation without 
forming any precipitate. • 

£jy. 3. After this the folation was evaporated, when it Attempts to fitae 
inftantly became larbid, and formed an abundant fleth*coloured 
depoitt. This was treated with acidulous oxalate of potafii to 
diifolve (he iron without faccefs: the addition of nitric acid 
was as unruccefsful: butmurialic acid added to the preceding 
dilToIved the precipitate with effervefcence and the emillion of 
oxigcnatcd muriatic acid gas. A while cr)ftalline fubdance 
-however, remained, confil^ing of oxide of cerium with oxalic 
add. The greater part of the excefs of acid in the folution 
being faturated with ammonia, oxalate ol'ammonia was added 
till no more precipitate was formed. This piecipitate had all 
the properties of oxalate of cerium. Ammonia threw down 
from the filtered liquor oxide of iron. 

Exp, 4. The.matter precij>itafed from the folution of cerium MuHicc prec*. 
by ammonia in Exp. % ditlbived with efiervefcence in niunaiic 
acid. Oxalate of ammonia threw down from this folution 


oxide of ceriutn, and the filtered liquor contained oxide of 
iron tolerably pure. 

Exp. 5. The liquor freed from the greater part of the iron Nifratr prer'p?- 
by ammonia and heat, which had nQlwilhftanding a flight o^ainmona!**'* 
t'eate tinge, was precipitated by oxalate of ammonia. The 
precipitate at the tnbnienfof its formation had the appearance 
of muriate of filyer, but foon became granuious and fofafided 
in this form* The liquor ^pafled through the filler coiourlefs, 
and the rofy tinge remained in the oxalate. 

Exp. 6. As the liquor from wdnch the oxalate of cerium was OxaV^tc of lime 
precipitated contained an excefs of acid, it might be prefumed 
to hold'rn folution mod of the oxalate of Ittne formed at the 
fame time, if the jerite contained any. Accordingly it was 
minted with the w ater that had wafhed the precipitate and con¬ 
centrated by evaporation, when on the addition of ammonia a 
fmafl quantity of oxalate of lime was thrown down. 

Exp. 7. As notwitbft|nding fome oxalate of lime might have of die lime 
been precipitated with the oxaUte of cerium, a portion of the 

red 
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red oxide of cerium arifing from the decompofilibn of the ox* 
aiate by calcination was diflcEived in snuftaLic acid. A bHik 
effervefcence inilantly took, place, with the evolution of oxu 
genated muriatic gas which continued till the whole was dit* 
folved, and differed in norefped from thait prepared with oxide 
of nanganefe. 

Mttfiatic faltt-* The (olttUon of cerittiB in muriatic acid was clearj and had 

wndcre4^foU?by ^ tinge. To fepar^e it from the lime, if there 

sninonifl. were anyf ammonia was added« when the folulion, having been 

diluted with but a fmall quantity of water, congealed into a 
femitranfparent gelatinous mafs, which it was neceflary to agi«> 
tate with a great deal of waters before it could be gotten out 
of the bottle. 

The precipitate being walked and calcined was very compaCl, 
and had a brilliant fra^ure. 

The liquor thus dccompofed by ammonia contained lime, 
as appeared on precipitating H with oxalate of ammonia. 

Oxalate of cen* At the inClant when the oxalate of cerium is precipitated by 

ammonia it is white and femitranfparent; but by agitation in 
the air and deficcation it alTames a yellowidi colour, and be¬ 
comes opake. A remaikable circumffance is, that, if it be 
boiled with ammonia or potafli before it is dry, it becomes 
again pcrfeflly white and opake. This is not owing to any 
combination of the alcalies with the cerium, for when it has 
been well walheib no trace of them can be difeovered by the 
mod careful analyfis. 

Comp^ent parts The refiduum left untouched by the acids was aflerws^rds 
et cenK. examined ; when it appeared, that the pureff ore of cerium ♦ 

frtMii BMInas contained in KK) parts. 

Oxide of cerium 65 

Silex - - . ,17-5 

Oxide of iron - 2 

Lime • • 3 or 4 

Water - 12 


UBS* 


Dfips not com 
bine with al¬ 
kalies. 


98*5 f 

Coritttit, 

^ Mr. Vauqiieliu analyfi^d other fpecimens^ w^ch were mixed 
with green a£liimte and cupreous pyrites $ but as nothing particular 
occurred in thefe analyfes> it is unneceHary to enter into them* 
f iMefflrs. H. and B. fay: fdex 23 partly carbonate of lime 5'5» 
oxide iron 22> and of oxide of cerium afur caicmation.more thaa-^ 
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Cerium, llkb feveral other metals, appears fufceptible of two Cenum haa tw» 
very diftinft degrees of oxigenation; the oxide which contains 
leaftoxigen is white; that which is faturated with it is of a 
fallow red. Though they differ confiderably in certain refpe£ts,' 
their C|uantities of bxigen are not very dillimilar, whence they 
are readi1)^nd cafily commutable into each other. 

I'nO^'.^e oxide expoted to the blowpjpe (bon becomes reci,£spofed to the 
but does not melt, or even agglutinate. With a large propor- 
tion of borax it melts into a (ranfparent yellow globule *: with 
lefs the globule becomes opake on coolmg. On heating gently 
a tfanfparent compound of borax and oxide of cerium it becomes 
milky like a tin enamel. 

The white oxide of cerium becomes yellowifli In the open Takes oxigen 
air, but never To red as by calcination, becaufe it readily 
bines with carbonic acid, which oppofes its union with oxigenxir. 
to the point of faturation, and becaufe it always retains a por¬ 
tion of water, which diminiQies its colour. ' 

Caufllc potatli by Iheaffiflaiice of heat deprives the red oxide Alcalies do not 
of part of its oxigen, and renders it while. This being dried, 
however, and urged to the (late of fuGoii, becomes red again. 

Alcalies have no other action on it. 

Sulphuric acid diffolves the red oxide with great difficulty. Sulphuric acid 
Equal parts of it and of fulphuric acid diluted with four redox- 

its weight of water combine readily when heated: the whole 
mafs affuming a crydalline form and brilliant arpe6l. On adding 
frefli acid, and heating them together a long time, a complete 
(blutiun takes place. This folution being evaporated by a gentle 
heat cryftallijses in very fmall needles, fome of which are Two fulphatw. 
orange f, others of a letbon colour. If evaporated ^ickly, 
nothing but a yeUow powder is obtained. 


50. The iucrcafe of weight they aferibe to oxigen abforbed bjrthe 
iron and the cerium. 

♦ Firft blood-rcd, then, as the heat decreafes, green, yellowilh, 
and finally colourleis. if it be kept in the middle of the £ainc it 
continues as clear and colourleTs as glalk. I'hefe phenomena are With a D!'>or< 
mere evident) if aphof^horic fait be employed. If two colouriefsphuuc 
tranfpArent globulci, one formed with bprax the other with a phof- 
phoricihlt, be fufed together, atranfparcnt compound is produced, 
which on cooling becomes opake, and of a pearl colour. Meffis. 

H» and B. 

I 

f Thefe MeiTrs. H. and B. conAder as an a^dulotis fuJphate of 
cerium at a maximum df*o3(idation* 

tho 
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The fulphate of cerJum is foluble in water ottiy by means of 
an excels of acid. Its tafte is faccharine and acid. 

WUh the white Sulpiiuric atid eaGly combines with the while oxide, particu-* 

larly in the Gate of carbonate. The folution is colouriefs, or 
with a flight rofy tinge; of a faccharine tafte without any per* 
ccplible acidity ; and readily affords white cryfta!>, 

Kltric acid with Nitric acid ilpes not readily diilblvelbe red d'xIJa'tinlefs 
the red oxide, alEfted by heat. If the acid be.fuperabandant, the fohition 

yields white deliquefeent cryflals: if not, nocryftalsatO formed, 
but a yellowifh fait is formed by deficcalion, of which alcohol 
at 38® will dilTolve half iU w t^ighl. The nitrate of cerium is 
decompofable by heat, and leaves a brick-coloured oxide. 

With the white. The white o)(ide unites more readily with nitric acid, but 

this fait is not more eafily cryflallizable. Its tafle is at flrfl 
pungent, afterward very fugary. 

Muriatic acid. Muriatic icid diffolves the red oxide with effervcfcence. 

The folurion rryfljlJizes confufedly. The fnlt is deliquefeent* 
foluble in an equal weight of cold water, and in three or four 
times its w'cight in nlcoliol. Tlie flame of this folution acH^uires 
no colour from the fall, but if agitated, w hile, red, and purpic 
points appear in it *. 

OxigL-nated mu- Oxigenaied riiuriatic acid has no a<Sion on the red oxide, bii't 
rj 2 t»c .ictd, cliflTolves the white, without yielding to it any of its oxigen. 
t j-bor.'.c aciil. The oxide of cerium unites eahly w ith carbonic acid. I'he 

inofl iiniple and ready method of forming this compound is to 
decompofe a folution of the nitrate or muriate of the while 
oxide by fatn rated carbor^te of potafl), when a very white 
precipitate will be formed with cServefcence, which is very 
light, and on drying alfurnes a fbining lilvery appearance. 
H'ulio-rulphures Sulphurated hidrogen does not combine with cerium: but 
iron hidrofulphures may be employed fucceflively to feparateany 

iruiii ccuuin< • ^ ^ ^ y ^ ^ ^ 

iron that may be mixed with it; for, when this is the cafe, the 
firft portions of bidrofulphure will throw down from the 
" folution of cerium a greenilh precipitate till no more iron 

remains, 

Tsrtaroas acid. The white oxide will unite direfliy with lartarous acid, but 

requires an excefs oP the acid to render it foluble f. 

Mr. 

^ When this folution is concentrated it burns with a yellow Ipark- 
llng flame, MefTrs, H. and B. ' r 

f M^rs. H. and B. have obferved, a* W|^ as Mr. V. that, if 

V the 
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Mr* Vau(|u«fln made feveral onfuccer^ful attempts to reduce Rcdufiton of 
thU metal; at firft he ufed the oxalate made into a pafte with 
£it oil* However, having mixed tartrite of cerium with a very 
fmall quantity of oil and fanip*black, he put it into a crucible 
of chafcoal bedded in fand in an earthen crucible, and heated 
it for an fao^and half in a forge furnace, A metallic globule 
icart^riy -^^rge as a |>in*s bead was now left in the coal, but 
no other trace of cerium coiQd he difcovered, though the ftmd 
was examined with the utmoft care* 

None of the Ample acids aded on ‘this globule, but it dif- gV.buicrx-. 
folved, though with extreme difficulty^ in aqua regia, after being '^*^^*** 
trituraled. I'lic folution was reddtffi, and exhibited unequi- 
vorai marks of iron: but it likewife gave evident Cgns of the 
cxificnce of cerium, botli by its faccharine ta(^e, and by the 
while precipitates which tartrite of potalh and oxalate of am<- 
Enonia threw down* The metallic globule too was harder, 
much more fragile, more fcaly in its fradurc, and more while 
than pure caft iron. 

As from tbefe experiments cerium appears to be volatile, a Votatilr, bur 
fimilar mixture witii the addition of b')rax was heated in 
porcelain retort, to liie neck of which a poredain tube wa^leu, 
adapted. Whether from the Infufficiency of the heat however, 
or irom the metal being volatilized without adnering to the 
nccL of the retort, no trace of fublimatc was found. But 
feveral very fmall metallic globules remained in llic retort, ad¬ 
hering to a black varnifti formed by the borax. There were 
fome of thefe globules about the upper part of the veiTei, to 
which apparently they had been fublimed by the force of the 
Arc; but all thefe globules together.would not have amounted 
to a Afiieth part of the cerium employed. 

I 

the falts of cerium, decompofed by taitnte of poiaih ftill containfiimpkand ira^y 

traces of iron, tjie iron rtmams ditTolved in the liquor, particularly method of fi«- 

if a flight excels of tartrite be employed. Accordingly they have 

propoled this method as the befl and flmplcfl for freeing the cerium caining the oX« 

from iron. The firocefs they recommend for obtaining pure oxide 

of cerium is, todiflblvc In nitro>muriatic acid any quantity of ccrite, 

carefully ielefted and .horoughly calcined. To Alter the folution, 

neutralize it by cauflic potafli, and then precipitate by tartrite and 

^tafli. The precipitate well wafhrd, and afterward calcined, is 

pure oxide of ceriunn 


Jhjlra^ ' 



in 


COKSIDEtATlONS OW 

IX. 


of a Memoir^ entitled Confideratiom on Colourtp nni 
fcveral of their fingular appearances; vead at the Clofi ef 
Mathematical and Phyfical Sciences ef ike Nati^al Infitute, ■ 
March, 1805, 5y C. A. Prijeuu *. 


Object of the 
memoir. 


B^'gins with the 
colouis rcfali- 
m% from a mix¬ 
ture uf ny&. 


[TR author here endeavours fo account for feveral pheno¬ 
mena, which appear to him never yet to have been properly 
explained: or rather it is his obje^'to exhibit a general theory, 
by means of which all cafes of coloured appearances, even the 
moft extraordinary, may be referred to certaid principles. 

He lets out from the known opinions concerning the various 
fpecies of luminous rays, the colours refuUing from a mixture 
of feveral of thefe rays taken at difTerent parts of the folar 
fpe£trum, and among olliers the very remarkable cafe^ where 
the rays are fo chofon, that their union produces on the orgaai 
of fight the fenfatioa of whitenefs, even if two forts of ra^ 


For whU’h we 
are indebted to 

Newton. 


only be employed. 

For thefe ideas wc are indebted fo the dtfeoverios of the 
immortal Newton, and they flow.immediately from the me¬ 
thod he has propofed for determining what colour would be 
obtained from a mixture of certain quantities of other given 
colours. 


Pivliminary rc- 


Coniplementiry 

colours. 


If we would thornngiily comprehend what pafTes in the 
feeing of colours, it is indifpenfable in the firff place to obtain 
a familiar acquaintance wlih^ the (hades compofed of feveral 
Ample rays; to acquire precile ideas of black and of white, 
and of the compticaiion (hefe introduce inlo col:rared appear* 
ancet ; and more efpccially to underAand the relation of co- 
which, taken two and two in a certain order, are 
etpa^e of forming by their union white;,or if you pleafe any 
other compound tint. , 

Two colours having this kind of relation to each otlrerBre 
reciprocally termed ctmpitmerdarp colours: one of thefe bmng 
giveni the othefipay be determine wiih more or fe&|iiNed^n 
by various modes of experiment, calculation, or Amim rfajron- 
ing; and the conhderafton of them applies very ufefi[^to k 
great number of cafes, as be feen fai^i^ on. 


• Trapflated frotn the Amtsda dt LIV. p, 5,. Apr^ 

im. '' 

W. 
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We here pafe over many particulars, which perfons verfed in 
the fcience of opiirs, or habituated lo the pradical applica« 
tioo of colours, will eafily iupply. Bididcs, the lubfequent 
part of the memoir, of which we have undertaken to give an 
account, wij^urnini an opportunity of repealing what is moft 
neccjTarv f^'underftanding ihefe fubjefts. 

After Ihefe preliminaHcs the author proctecls to obfcn'EtlonJi Contraftsf 
on coHtraJls, He employs lITis word to charaflerize the efFefl 
of the fimultaneous vifinn of two fubfiances dilForently co¬ 
loured, when brought near together under certain circum- 
fiances. Contrafi then is here a compariibn, from which re- 
fults the lentiment of a certain ditlbrence, great or fmalh It is 
pretty gehcraliy known, and painters in particular are well 
aware, that a coloure d fubfiance occupying a fpace of little 
c::tent, and placed near or furrounded by a given colour, has 
not the fame appearance as in the neighbourhood of another 
^lour: but whence arifes this difference t 

Before we attempt to anfwcr this qucilhin, let us make an 
clfential difiindlion. The colours in queftion imift be eitlicr 
homOgeneai, that is lormed of one fort of r.iiys only; or coin- 
p(mnd, that is formed of a niiKture of diff/rei.t rays. 

In the fiifl cafe, it muft be confefied, we are Ignorant, Cmtr.ilTs of 
whether the ap()n>\imalion of different fimpic coIoins wouhl 
produce any alteration in their refpeftive appearance. As mined, 
we feldum have an opportunity of feeing exhibitions of co¬ 
lour of this kind, and it is not eafy to arrange fuch at will, no 
experiments have yet been made on their conlrafis. The 
fubjefl, however, is well worth fiudying, ^ 

As to compound colours, and fucli are almofi all thme ofItserT^^^^ pru* 

natural or artificial fubfiances, as our author fliews in the 

' ' itracling a 

<'ourfc of his^ paper, the new colours exhibited by contrafi are colour the r«y» 
always conformable to the tint that would be obtained by alv *t^^*'®*“* , 

firactmg from the colour proper tO one of the !ubftanc<rs the with it, • 
rays analogous to the colour of the other. 

Thus if wc place on red paper a thp painted orange-colour, Orange on red 
the lattbr will appear nearly yellow: on^he contrary, the ^'**"'*^* 

fa/ne drip placed on yellow paper will appear, neajly red. If yellow, red $ 

w'e pljttse.it on violetqiaper it will refuihe a yellowifli tint, on violet, yel- 
but different from tlx: Fortner; and la/ily, on grocn paper it 
wifi appear red, but'in a dilTeVent degree. - oth« red -. 

Voj., XII,— October. 1805. I The 
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Coiitraff modi* 
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JJegree of light. 


Many c 
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But not by cx- 
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.'ONSiriLR\TlONS ON COhoUifS 

1 ho o\pIanarK)n o{ tluife indaucc;; by the r^e propofod Is 
cal), ii we fuppole the urange-coluur of the Utile ftrip to be 
compounded of all the rays except blue, which is commonly 
the cafe, 

A multitude of comblnalions of colours iIil^ placed upon 
one another, bring out tiic coloui of conlraft ind^ated by the 
rule above laid dowH; but th'*re are fevcral cirGitnllances 
that render theeflfe£i more Uriking, or modify Iherefult, 

Sometimes it depends on the degree of light by which the 
colours arc obfen'ed. They may be illumined uniformly, or 
Ibme more than otliers. The quantity of light entering fiinul- 
taneoufly into the eye from Iho whole field ot view, has likc- 
w’ilc its influence. If the colours form fcvci.i! furroonding 
borders to eaeij other, as a ferics of circles clccreafing in 11 ze 
and placed one upon another iveiJd do, t 
procally on each other. At every jur.ftloii liicre will 
each tide a border coloured by the coniraft of the 
tint. Thefe borders will be of greater or lefs 
proportion to (he brightnofs of the colour. The 
lingle one may be fufficient to deaden or 
refi. 

The colours of conlraft will appear likcwtlje with great^ 
vividiiefs after having obferved them a few moments, or if the 
colouretl lubfianccs be fltaken a little, fo that they may pafs 
iiowly over the retina. It feems as it a certain fatigue of the 
eye, either inftnntaneorfly with regard to the intenfity of the 
light, or more flowly by a prolonged vifion, concurred to 
produce tlie appearances in quellion. But an cxcefljve fatigue 
of the organ w^ould produce a degeneration of the colours be^ 
longing to another mode. 

We ought not Ihcrci'ure to refer to conlraft Ihofc impref- 
fions mentioned by Ai.pinus, which are propagated in the eyit 
with a certain duration, ond a particular period of lints, when 
Wii have looked ftedlaftly on a very b;illianl light, as that of 
the fun. 

But the colours termed by Bufl'on accidthtal, on which 
Sclierfor ha^ written an inlerefting eftay, belong to the clafs of 
contrafts, or at leaft conflantly obferve the fame law’’. . 

Coloured JJiadom are another phenomenon of the fame kind. 
Count Kumford has cftablifhed this fa£l beyond queilion in 

tw® 




115 


'PNSIDERATIONS ON COLOURS, 

I 

WO efTays, wli|;re he has treated the fubjeft in a very pleaHiig 
manner.* 

Air. Prieur thinks that thof'e appearances of the folar light h’ght 
received through a^hole in a coloured curtain, which f^ 
Meufnier ba^ remarked on account of their fing'il.irity, are Min; 
alCs^to be ^^cribed to cuntrafl. With this too he a(Kmilates*^P*bj 
feveral cafes of colours difplayed by opals, or, to fpeak more 
gencrall), by bodies includi^ig perc eptible opake parts dilTe- 
minated through a tranfparcnl fubtJance. In the fame way on paper 

he explains the colours under which the grayifti duft coIIe6lccl‘^" *■***"’» 
by age on papers, or on coloured fluffs, appears; and he and biuenefsof 
draws the fame inferences with ivfpefl to the blucifh appear- veins, 
ance of the veins of the human body. 

He likewife propofes a new method of rendering the colours 
of contrail very fenfiblo, more fo than even by the known 
proccis of accidental colours, and nevertlielefs without oc:ca» 
fioning any estniordinary fatigue of the eye. Tins I.ifl circuro- 
flance is of no Iniall confequcnce, for everv one mull be aware, 
that fo delicate an organ cannoi be (Iraiued by over exertion 
without danger. 

This method confifls, the nbferver being in a room with a Method nfrrn- 
good light, in placing againll (he window the coloured papers, ^ 

on which he means to oblerve the contrails in llie manner above 
rientioned. The coloured paper ferving as tlie ground will 
then polTefs a degree of lemitranfparcncy, while the little Hip of 
a dificrentColour placed upon it is more opake, and in the 
fliade» on account of the double IhickncTs of paper: thus 
the colour produced by the conlraft is rendered much more 
ftriking. 

From this arrangement too refults (he fingnlarly ftriking Slip of white 
efleft of contafl of a little Hip of white paper applied fuc- 
celTivcIy on paper, glafs, and cloth of a given colour, WhengUf»>&c, 
the iranfparenl body is red, the opake winte appears iJloeilb 
green; if the ground be orange, it is decidedly blue; on a 
yellow ground, a kind of violet; On a crinifon ground, 
green, Sic.; always correfponding exa6lly to the complemcnturi/ 
colour^ 

On this it rauft be obferved, that, according to the rule al- ExpUnuinn. 
ready mentioned, if we abflra^ from white, which is a com- 

♦ See his Phllofoplucal Works, Vob T. p. 319, and following. 

J 2 pound 
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pound of all ihe coloured rays, the red rays fot example, fhc 
remaining pencil ought to appear a very pale blueitti green: 
but, as in the experiment above ihe little white flip is in the 
lhade, the black hence arifing may be of a proper degree to 
deflroy the effed of the v\ hile, and then the blueifli green ap¬ 
pears of a lively lint. Ti)e fame rcafoniiig appli^Sye tc Ihe 
cafe of all the other colours. 

Refleftcd light To obtain the full effed in repeating thefe expertments, wc 
muft be avoided. care, while procuring a favourable light, to guard 

againft the refledlon of adjacent bodies, and againll double 
coloured fringes. Thus when the bright light tranfmilted 
through the window furrounds the trairfparent paper, it may 
very fenfihly augment the brigliinefs of the colour of conJ|all, 
or injure it by introducing another tint, according to the 
How. of the body under obfervation. We have it always 

power, however, to get rtd of this fupcrcompofilion, by 
a piece of black cloth or pafteboard to malk the objei 
incoinmwUed, oi b) looking through a blackened tube AS as to 
confine the field ot vifion to the neced’dry extent. ^ 

This knowledge <>1 contrafl may be ut^dully applied to thpe 
arts, which arc ompIo)ed on the fubjed of colours. The 
painter is aware, that it is not a matter of indiflerence wiiat 
colour is placed near another: but when he is acquainted 
with the law, to which their aflion on each other is (ubje61ed, 
he will know belter what to avoid, and iiow to dilpofe his lint^, 
fo as to heighten the brilliancy of that which lie vvitfies tpl>ring 
forward, Ctmtiafling them together in fiiccetiion likewife 
affords us valuable indications of their natine and compolition. 
This the author himfdf has put in pra£lice with advantage in 
his manufa^ory of colours a't^d paper-hangings, 

Thefe confideralions on contrails led him to the examination 
of a very fingular cafe, which Mr, Mongc has mentioned and 

, This cafe is the white ap- 
the fame hue. pcarance, which a coloured body Ibmcun.os exhibits when 

viewed through a glals of the fame hue. There remained 
fome uncertainty retpecling the circumflanccs adually neceflary 
for producing this efibcl: lliefe our author determines by par¬ 
ticular experiments, and he enumerates ihofe which have a 
favourable influence or the contrary. His conclufion is, that. 


Ufeful in the 
arts* 


WWte appear 
ance nf a co¬ 
loured body , 

' through gufs of treated with his ufual fagaciiy 


* Annaks CVmlu HI* 


when 
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when wc havl ihe perception of whitenufsin lhefec|flis, it is 
owing folely to Ihu adioii of contrarts, by which the inipref- 
fion of Uic colour is deaden'ej or annihilated'; while tliat of a 
certain decree of brightnel^ Hili fubiifis, and is noticed from 
theoppofitio .1 ol' a gi cater degree of obicurity. This manner New aefinition 
ofNonfidering the fubjed leads to a new definition of vvliitenels whUtnd'i. 
whicli has cerlaudy nollnn^ in it inconlillent : v)kiit is with 
refped; to us the fcnjhtion, of light, when no purikulur colourpre^ 
dominates in it, or is ptrem cd in it. 

In the fubfequent part ot Ins m^'inoir our author particularly Fonher fubjcA 
contiders the colouring of Jifleient opaLe and tranfparent 
bodies; that to fay, he inquires what aie the latnmous rays 
which a given coloured body is really capable of rellediing 
or tranimiuing. 

His method of making his experiments is timple. If the Method of 
fubftance be oinike, he ninces a on a niece of bUek cloth, 
and obferves it with tiie piil n. Jl' it cannot be cut fo as to 
rciluce it to a rectangular tigurc, he co\er.s it with a piece of 
blackened paftebo.ird, in which there is a rcrtnigulai apor- 
lure. Under tljefe t ircunillanccs the cok ured tiinges dif- 
played on two ojiptu'ltc tides indicate llie kind ol i«i) s retieCl- 
cd, and confequently thole abiorbeil when we know the 
naluieof the iiluniinatirg pencil. Un which we have tarlher 
to leinark,, that, as ihc tnnges are ihemleives compound tint<, 
the limple lints tlnii eompofe them mutt be dil'criininaled. 

Their inlpcdion ItiHices an experienced perfon for this; but C >jnpound tints 

the habit is to be acquired, and its place* lupplietl, by taking 

for a guide papers repretenting each fpo* ic'. of rays, placing How. 

them i'ti their order one upon another, ami drawing them back 

in gradation conforniabiy to their ditfcri:nct* <*t rcfrangibrliiy ; 

or we may ulc a table coiiftiucted alier Xewion^s method for 

determining the compound* tints ol (evcial elenjcnlary colours. 

If the body to be examined be iranlparent, the aperture in Method of 

the palleboard jull mentioned will t>e wtll adapted to cover it camming tran- 
* * tpa’-cni bodies* 

when placed againfl the light, fo tJiat the prilin may exhibit 
fringes on it. Or, if the obferver place liiiuielf in the dark| a 
light, as that ol a candle, will exiiibit tiirough the fraidparent 
fubflance, by the alTidance of the prifm, a feries of coloured 
.images correfponding tunhe rays tranlmitted. 

Making his experiments in this manner, our author difeover- Colours of 
cd that Icveral opake f^flances which happened to be at 

hand, forpiion* 
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Laws. 


Relates to che¬ 
mical com¬ 
pounds! not me¬ 
chanical mix¬ 
tures* 


Predomnant 

coiour* 


Trinfparent 
bodif’s follovirthe 
L.me taw of 
ablo pti 


Its modifica- 
tiems. 


Piogiers of the 
abforpeijn of 

ra^s. 


CONSIDERATIONS ON COLOritS. 

IianiJ, of various naiiires and of all colours, w^iciher 3 *ellow, 
orange, red, or green, blue and violet, owed iheir coloured 
appearance to ihe following laws: 1ft, each of the bodies 
always ubfoibed the ra>s tiiat were complefticn^j^ to the pre¬ 
dominant colour: '2div, in foine ilic abforplion included, be¬ 
tide the coinplenienlary fpccics, others collateral to this 
fjKX’ies, and more or kfs numerous; Hdly, the deeper a 
colour is, the fewer fpecies of rays it 

It is to be ur.derflood that nd\ed colours are not here fpoken 
of, but only thofe lliat form a homogeneal cfJinpound, or a 
true co?nbinatiojj, in the fenfe in which chemifts ufe this word. 
Nor imiPi tlic Colour reflected from lIuMnteriorof the molecule':, 
fufceptible of light or deep lints, bo confounded with tha 
light refledled from the anterior turface of bodies: and though 
this mixes more oi; lefs with the piopcr colour, it is cafy to 
diminlfli its cfTecls, and difciiininate them in the experiments. 

Anotl cr remark proper to be nra<lc, is, that the exprellion 
predwitha'if colour uiuft not be fupjioled to imply, that the 
ra)s of this colour are more abundant than the reft, which 
w'cndd be a miftake. Several fpccios of rays may exift to¬ 
gether in tlie pencil producing tiw* colour, wdthout any one 
Ipecies being ior tliis reafon more abundant. Striflly fpeak- 
ing, all the elements of the pencil aio diftimilar; and con- 
fequently no one exifts in it in greater quaniiiy. Bui the 
general tone of colour remains analogous to that of tlie rays 
ftylcd predominant; for w’hicl) reafon it is well to retain the 
term, piovidcd it be not taken in an exaggerated fenfe. 

'I he author has likewife obferved tranfparent bodies, fuch 
as coloured glafs of difterent forts, and liquors contained in a 
bottle with two broad parallel Tides. For Ihefe he found the 
fame law of abforption as for opake bodies, but ftill more 
marked, and free from all doubt. 

This law fs conftant and regular. It depends on the nature 
of the body receiving the light, its denfity, and its ihickiicls'. 
It is likewife modified by the intcnfity of the light of the il¬ 
luminating body, and the kind of rays that compofe this 
light. 

I'hc abforption always commences with the rays moft 
oppofite to the predominant colour of ihe body illumined, it. 
goes on to thofe wliich curne mxt in the fpedlrum; and thiu 
proceeds regularly from one order dTf rays to the next m fur- 

ccilh'ii. 
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ceffion, nev^ b)f fits, till it readies the lafi. In coiifequcnce 
the body grows darker and darker, and always liniflics with 
becoming IJack, Sometimes it extends only on one tide from 
the rays iirlt ^bjbrbed ; at other times on both tides at once, 
and either with equal pace, or more rapidly on one Tide than 
^ the other, 

11’ we var^ each particular that aflecls the experiment fepa- Chjnjrr of eir- 
rskiely, weflia/1 have a d'Alinct progrtllldu ofrefults, 
depending on the denfity ofthe tiibliance is not always limilar 
to that ariling from change of (hicknefs. In receiving light 
of different kinds too on the fame fubffance, the progrefs of 
abfbrption is differently modified, and cuidequently the colours 
changed. 

Our author adduces inffances of all ihcfe cafes. He takes 
them from the numerous experiments he has made with 
coloured glafs, acid, or ulcalinc folutions of metals, and fluids 
tinged by the infufion or fh coclicn of vegetable* tubflances. 

Tbefe exhibit curious parllcularilie-i, but wo (hall not here 
relate tliem. both for the fake ot bievity, a .d becaufc it is 
eafy for any peribn lo ohferve them, vMic.< (nitc the track is 
pointed out. 

From all ihefe obfervntions laker together, many very im-M.i\ jrad to the 

bodies 

and liglit on each other are drawn; and perhaps at fome 
future period they w ill lend to elucidate the grand (|ue(lion 
concerning the caule to which their permanent colours are to 

be aicribcd. 

1 


portani confcqucnces rc(j>eding the reciprocal aftion of 


After thefe hints, the author dedicates a concluding para-C>lourof Sodlos 
graph to the examination ol fevcral plicnomena of different 
kinds. He points out the modificiitioiK tliat coals heated to cap.dcfc'jncc* 
difierent degrees of incandt-fcmcc undergo in llieir colours. 

His remarks apply lo other fubfianccs llkeivife, as iron in tiie Lamps feen 

fiate of ignition, a long roivof laiiqis with reverberators feen 

through a fog, or a while light feen through a glafs blackened tmuaked glal's, 

by progreliive applications of fmoke. In all tlielc cafes Uie 

colours ncceffarily oafs tlirough a fbries ot tints irom while to 

i)'ellow, orange, and red of a deeper and deeper iliaile, the 

reafon of which he gives. 

Metallic «xides too have a gradation of tints, according lo Colours of me- 
their proportion of oxigen. A certain conlinued change in 

vegetation chc oxigen. 
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Of flowers, &c. vegetation produces the fame efTe^l on looie p^rt- oi plants. 

The arts and clicmical procefles exhibit the fame in a muItU 
tude of circumftances. 

Ofe to the mi- Hcnce the inanufafturer may derive wilh^ac]van(age.incUca- 
nufadturer. tions either of the progrefs of combinations/or*'^ the proper 

inflant for executing certain parts of bis operations. f' 

Coloured clouds. Qur author next enters more particularly into the appear¬ 
ance of coloured clouds, parlicalarly thofe wc fee about the 
rifing and felting of the fun. Tliis phenomenon fo generally 
known, had hitherto remained without explanation, tliough 
this had been attempted by natural philofophers of the firft 
rank. 

Owing to ab- It is nol owing to the refraflion of tlie folar rays, but to tlie 
forpuon of light, fucccfll ve abforplion of them, when they flriko on the inferior 

parts or the atmolphere, winch are moic ina.loa wiln vapour. 

This abforption lollows laws analogous to thofe already men¬ 
tioned, The (juaiifity of vapours, and even iheir nature not 
being llie fame ovcij day, pioduce correrpomling diflc^reiices 
ii> their 


Order of aW 
forpeion. 


Sua^fett 


Blue and green 

ihadows, 
owing to con- 
ttaft. 


Commonly the firft raysalhukrd by llicfc vapours an: the 
blue adjacent to tiie violet. Soon after they attack the con¬ 
tiguous rays, g<»ining will) nioic ra[i((iify ihc blue pro])erly fo 
called; then fite green, iht: ycdlow', and thus proceeding to 
the red. Hence the yellow ifti, orange, and red colours 
exhibited by the clouds. This period of tints, the evening 
for example, cllfplays ilfclf gradually as the fun approaches 
the horizon, Tlie fair.e hues tinge terreftrial objefts, the part 
of the air neareft the fun, and this luminary itk-if. According¬ 
ly when we can receive its rays on a prifin, we perceive that 
the rays adiually abforbed correfpond to the general tint of 
the moment. 

From the fuccellive increafe of the vapours Iraverfed by 
the light in (hicknefs and den ft fy, it follows likewife, that at 
the fame inftanl clouds differently placed muft be clothed in 
ditTeront liues. The higheft may be white, while others not 
fo high are yellow, and others ftill lower proportionately more 
red. At equal elevations thofe furtheft: from the point where 
the fun feLs will incline to red, and thofe neareft it to yellow. 

We may then fee blue or green thadows on bodies naturally', 
while, as Buil'on and other philofopliers have obferved. Thefe, 
as has been (aid, are nothing more than the cflfefl of contrail 

between 
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betweeiWli4 j6lual colour of the part enlightened, and that 
of the park in’fltade. 

ConlralilLmay likewifc render the colour of the clouds com- Contraftj affcft 
I* . t r *i /i IT the cilour of ihe 

plic3tc<l, as R>r ii'^ltance, wlien a great portion ot the Jky uil- clouds* 

plays its b!ut^*'Ti^(r There aie tome clouds, the colour ol 
'Mthich arifes folely from this caufe ; and tuch may be fecn at 
times tn the middle of the day, when we have a lofty moun¬ 
tain at our back, or are ii^any other liiuation where the eye 
i.s dclendcd from tiic too powc.'ul a£tion of the folar light, 
either tlircci or refletled; but in this cafe t!ic cloud.s have 
only a yellowifh tinge, precjfely the complementary colour 
ol Ikv bhie. 


Sometimes we fee the moon of a fimilar colour, when The Mooa. 
it IS very Ingh, a little before or after the fun pallos the 
tlie horizon: iaiiher it aj)[)ears thus, or even completely 
\vii:te, winn clou'l'i varioutly cuhiared by the vapors of fun- 
fet or (un-ri.e exdt in the an at tiie fame lime. From this 
coiK'iiireriCe of cirrurnllances we liave a new pioof of the 
d.,'fercnce ofcaufeslo wliich tliele colours aie owing. 

J.:iiiiy let asremarL, lliat fioin the frreguI.iMty ol tiie earth’s 
f.nt^ice, and of the liatc of die atmolphere, the piienoineiia 
ate liaiile to be com ealeKl or luhjecled to various interruptions. 

Jn <nir climate the cokmnng oi (he clouds feidoin reaches its 
hill itage. On (omc evenings however, when the Iky is very Rcj clouds 
deal toward the part wiiere the Sun lets, while light cloudsat 
float very high over our heads, we fliali fee ihefe at a fub- 
fcijucnl period apfjcaiing of a very light red, lieighlcned by 
the diminution ut light on the earth, foon after obfeured, and 
at length becoming exiincl ni fliadc. 


Coiiciufinn* 

Notwithflanding the many beautiful difeoveries already The theory of 
made refpe^ing light, the theory ol the piodu^iop of colours 
has not yet attained a degree of generalization that renders 
it applicable to all cafes, or that ^finiplicity of principles to 
which we arc* almoft always led when we have difeovered the 
real laws of nature. Alany phenomena have eluded ex^ 

^lanation, and that given of fcveral requires correclion. Our 
author has pi,opofed to eflablifli alterations in the theory, the 
neceffity of which he points out. He fuppor4 his principles 
partly by the dodrine^ud facts generally admitted; partly 

by 
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Thf author in¬ 
tends to puifuft 
the iubjett. 


b)' others lefs cominoni)' known^ though of ancfenl aatc; aod 
lartly by obfervations of hi-? own. He is far frcni tkttering 
himfelf, however, that a tkelch like the prefenj' exhibits the 
matter in a faiiablu light; and was icon awfjr^thal a fubjeft 
lb extenfiveand fo complicated required mattirer Iabt>urs, 

To fill up many gaps, unlold various pf>ints, and corriift 
and extend others hy faitlier rt^fjarch<!.s, new cxpciiments; 
and profound reflexions, is an ample field of improvement; 
and tills Ik* will attempt, it' his powers and bis kiture will 
permit. 

It would likewife be ufeful, as well as juft, to give at the 
fame lime an abfUaX ot what we owe to (be genius of (he 
great Newton, wljt) opened l!ie career in fuch an admirable 
manner, ami to thofe philoliiphers wiio have difeovered new 
iaXs, or removed difficulties. Creaier prccifii'n alfo fiiould 
be introduced into the language which we em[iioy relpeamg 
colouts, propcirtionale to (he iucreafe of our knowledge, and 
tlie actual fialc of the arts and Icieneo?. Lafily, in a fuhjeX 
like tfie prelent, it would not be* loo much to add the relources 
of algehia and geomeiiy to Itic Irojf.ie- of experiment, and 
if poflible lollic advantages of a belter iiiclhod. 



PrptH't made Ifjf the Phjjftcal and MuihemaUcfd Clafi of tht 
tutc in Anfkcr io the 'jttKCjiion, v^hether thofe MnnufaHoricft, 
from n/iich a d/fa^rceublc Smell ari/cs, niuj/ prove injur/on.s to 
Jitalih, Read in the Sitlinir of January^ 180.>, by Mffvs* 
Guyton-Mokveau and Ciia vtai.* 


Qac^Ion. 


1(9 impartonce. 


minifler of the home-department has confulted the 
on a queflion, the folution of which Is of effenliai import 
to our manufaXurers. 

The objeX is to determine, whether the vicinity of certain 
manufaXories can be injurious to health. 

The folution of this problem mufl appear of the more con-i 
fequcnce, as, from the confidence which the decifions of the 
Inflitute naturally merits it may hereafier form the bafis 


♦ Tranflated from the Annales de Cbrnky vol.LIV. p. SG, for- 
Aprih 1805* 


ileciiiok'^R 
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j i>T,aKrou^ mavukactories, 

declfion^ii ^ court oF jiiflice, when fentente is to be pnj* 
nouncccl bVwcien the fate of a manufaftory anti the health of 
our 

^ The h)h:tif|}j miicli flu: more itnportnnf, it is become fo 
jjiuch the more iierflliir)', as the fate of the: moft uf'eful efla- 
btifhments, I will tay more, tin; cxifience of many arts, lias 
■depentlecl hiliierlo on regvilations of pohee; and that 

foine, driven to a diftance from materials, from workmen, or 
from confiiincrs, by prejudice, ignorance, or Jealoufv, conti- 
iiiio to maintain a cliliulvanlageous jlrngglc againft innumefable 
obrtacles, by which their grtiwih is (fppofeti. 

Thus we liavc fecn manufactories oi acids, of fal ammoniac, Manuf.i^odrs 
^of Prufllan blue, of ht'er, nnd (if leallier, fucceflively banifl\- 
eel from cities; and wo dady fee appeals to authority againft 
ihefe oflablifliiricnis made by troublefome nei^libours or jealous 
rivals. 


As long a-j lliefatc of (!eTe manufaflorics is inferure, as long DiOdvantagr oT 
us an arbitrary legifiation potleiTes a right to iiilen upt, fufpend, hav'^fi no fiaei 
or fetter the hands of a mannf iOnre; in a utii l, a, long as a 
fimple inagiftiate ol police has at hi^ nod tiu; ioriune or ruin of 
a manuiiuluref, how can we conci.ive, that he will be fo im¬ 
prudent us to engage in mulertakings of Inch a nature? How 
t ouid it be expected, (hat manufacturing induftry fhould efla* 
blifli Itfelf on fuch a frail bads? 'I'his fiate of uncertainly, this 
continual conteft between Iht* rnanutafturcr and his neighbours, 
this perpetual drmht lefpccting the fate of an eflabjiflimeni, 
paralyfc and contine the efforts of tiic nianufadurer, and gra¬ 
dually extinguifli both his courage and Ins powers. 

It is an object of primary neceflity therefore la the prof- 
Jierily of (lie arts, that lines fiiould be drawn, fo as no longer 
to leave any thing at the arbitrary wdll of the rnagiftrale; to 
point out to the manufacturer the circle in which he may exert 
his induftry with freedom and fecarity, and to affure the neigh¬ 
bouring proprietor, that he has nothing to feui for his healthy 
or for the produce of his fields. 

To arrive at Ihf folutiun of this important jiroblcm, it ap¬ 
peared to us iudifpenlable, that we fliould lake a view of each 
of the arts, agalnlt which the moft clamour has been raifed. 

With thN view we fliall divide them into two claffes. The CI.ifliric.mon 
firft will comprile all thofe, the procefies of which allow aeri- * 
form enianalions to cfwpc from them inio the atmofphcre, either 

ia 





)fl clafs« 


id clafsi 


ill cUfs injur!' 
OU8 to health. 


Steeping hemp. 


Brale's merhod 
recommended. 


Beer, vegetable 
cuiour&j (larehf 
|»2\r>er^ &c« 


INJtJitlOVS MANUFACTORIES, 

I-ft ronrc'jaencc of putrefafilion or fermentatinii, ](*v'h'^niaybe 
(leonu^d imifanccs from their faici), or ‘dangerous /rom their 
tfil’ds. 

The fecond clafs will inclado all lliole, artift, 

operating by the aid <if fire, dv vclopes and e^■ol^ es in ;;!r 
vapour various principles, which are nunc or ids difagienable 
torelpire, and reputed more or Jefs injurious to healih. 

In the firft clafs we may advert to the fieeping of llax and 
liemp, the making of catgut, flaiighrer-houles, flarch-inanu* 
I'aflories, tanneries, breweries &i'. 

In the fecond> the diilillation of acids, of fiiirlts, and of 
animal iubdances; gilding on metals, preparations of lead,, 
topper, and mercury, Ric, 

The arts of the firfi dais, confrlcrcd in relation to the health 
of the public, merit particular ailention, bt-cHufo the emana¬ 
tions that proceed from fernit’nt Jtion or ]>Jtrcf;ifijon are really 
injurious to lu-allh in fonn-cafjs, and tc'icr cci lam ciicwm- 
flanccs: the* ftceping of flax and h-mp for mfiatuc, wliidi is 
performed in ponds or Itill waters, iidc^h the air and kills 
tithes; and the difeafes to which it rife are all known 

and dcfcribeil: Accoiclingly wife regiilatioiis liave almoft 
every where enjoined, that this ojKiution fliould be car¬ 
ried on without the prccinds of towns, at a certain clifiance 
from every dwr-lling, and in waters, the fifi* of which confii- 
tute no relourt e for the public. Thele regulations unquefiiot!- 
ably ought to be continued; but as the execution of them is 
attended with feme inconvenience, it is to be wiAied, that 
the proceis of Mr. Brale, the fuperiority of which lias been 
confirmed by McflVs. Mongez, Bcrlhollcl, Teiiier,and MoIard> 
foQn become known and adopted. 

Other operations on vegetables, or certain produds of vc- 
to obtain fermented liquors, as in breweries; loextrad 
cdloifrs, as in the manufadures of litmus, archil, and indigo; 
or to divert them of foniie of their principles, as in manufac¬ 
tories of ftarch, paper. Sec. do not appear to us of fuch a na¬ 
ture as (o be capable of exciting any difquietude in the mind 
of the magirtrate. At all events the emanations arifinjg^ from, 
thefe fubfiances tn^a of fermentation can prove dangerous' 
only near the veffcls and apparatus in which they ate eon- 
finedi ceafing to be fo the moment they are mingled with the 
open air; fu that a little prudence only requiredi to avoid all 

danger^ 
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danger tiiem. Bt'firies, the danger affefls only the mai 
nufaflureralhemrelves, and by no means the inhabilanis of the 
lie ghboiirii^^^ *'oufes, fo that a regulation enjoining Ihefe ma- 
nulaclories (oj^J^nemoved out of and to a dillance from 

^Viy dwc!iing-l\oa1c^ w'ould be an ad of anlhority both unjuft, 

^xaUous, and li^urimis to the progrofs of u^anufaftures, and 
jn no refped a remedy for the evils attending tlie operation. 

Some preparations extrafted fr<mi animal fubfiances require Catgut# 
the putrefadion of thefc fubfianccs, in the fabrication of 
calgiit; but it is more frcqiicnlly the cafe, that animal fub- 
ftduces employed in manufadnres arc liaido to putrefadion from 
being kept loo long, or expofed fo too great warmtli, as we 
particularly find in dyeing Cotton red, a procefs in which a Dyri'ig cotcoil 
huge <|uantity of blood is employed. 'Flic miafmata exiialcd 
by thcl.' putrid matters fpread far round, ::ncl form a very dif- 
agrceable afmol’phefe for all the ncighboiirh.fod to breathe; it 
c; the part of a good govormnent, therefore, to caufc thefe 
(ubftanees to be renewed lo as to prevent pa: t on, and 

the manul.itlory fo be kc]>t lo far clean, tlia* :u> rolai*. of the 
animal fubftances employed Ihall be Kd’t to loi in th< lu. 

In this laft point of view lluug!ttcr-!»oufes exhibit fome in- Khoghter^ 
conveniencies; but they are not ofiuliicicnt importance to re- 
quire them to be placed without the preefn^s of towns, and 
alfemblcd together in one fpot, as ipeculativc men are daily 
propoling to govenimuiU, A liUlc altciuion on the part of 
the magillrate, to prevent butchcr> from throwing out tlic blood 
and refufe of liic beafts they kill, woultl be fudicient to remc4y 
completely cveiy thing difgufiing or unhealthy aiifmg from, 
flaurghler-hoiifes. 

The fabrication of (nighl-foil dried) begins to, be Poudrette# 

cfiabliHied in all the large In,ns of France, and the operation 
by which excrcmcntilious fubfianccs arc icduced to this ftate, 
necclfarily occafions a very difagreeuble fmell for a long time* 
Efiablillirnents of this kind llKTcfore ought to be confined to 
airy places, remote fro n any habitation ; not that we confidcr 
the aeriform exhalations from them as injurious to health; but 
no one can deny, l lat they are incommoding, noifome, dif- 
mgreeable, and diiricult to brt'athe, on all which accounts they 
J ought to be ycinoved to a difiancc from the dwellings of men. 

There is a very important obfcrvalion to be made on the Animal putre- 
iponla^eoiis dccompoCtion of animal fubftanccs, which is, 

^ that portion to iti 

humidity* 




dafs* 


Aclili- 


StilphuHe acldi 
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that itie emanations from them appear to be fu ij^uiVlyi^tie lefa 
dangeroup, as the fubftances whitl) undergo putreta^Ubn are left 
hundd; iu the latter cafe, a confiderable quantityj>^ carbonate 
of ammonia is evolved, which imparts its predcj''?.nant charac¬ 
ter to theotKer matters volatilifed, and con^irflAiiebad effeftsy 
of fuch 3^ are deleterious. Thus the dccompolltion of Her-* 
coraceoos matters in the open air, and in places the fituation 
and declivity of wliich allow the ftuids to drain off, and Ihat^ 
of the refufe ol the cocoons of the filk-worm evolve a vaft 
quantity of carbonate of ammonia^ which corre£l$ the virus 
of feme other emanations; while the very fame fubliances, 
decumpofed in water or drenched with this fluid, exhale fweeU 
tfli and naufeous miafmata, the refpiration of which is very 
dangerous, * ^ 

The numerous arts in which the manufaSurer produces and 
diffufes in the air, in confequence of his procefles and by the 
help of fire, vapours more or lets difagrecable to breatliei con- 
itilutc the fccoiul clafs of thole we have to examine. 

Thcfc, more inlerelHng than the former, and niiicli more 
intimately connected with the profperity of our national in- 
duftry, arefiiil oftener the fubjed of complaints brought be¬ 
fore the magiftrate for dccifion, and on this account have ap¬ 
peared to us to require more particular attention. 

We will begin our examination with the manufadure of 
acids. 

The acids that may excite complaints of the nciglilwurs 
againd their preparation are (be fulphuric, nitric, muriatic and 
acetous. 

The fulphuric acid is obtained by the enmbudion of a mix- 
turC'Of fulphur and nitre. It is very difficult in this procefs to - 
^eV^Rt a more or left obfcrvable fmell of fulphurous acid 
irdim being dtffufed around the apparatus, in which (he com- 
brMfljipn is performed; but in manufadorics Ikilfully coiuluded 
this fmell is fcarqely perceptible within the building ittelf, is 
not dangerous to the .yvorkmen who refpire it daily, and can 
give no reafonable foundation for complaint to the neighbours. 
When the art of making fulphuric acid was introduced into 
France, the public., opinion was flrongly expreffed againfl the^ 
firil eftablilhm^is (or*the purpote; the fmell of the match 
with which we kindle our fires contributed not a little to ex¬ 
aggerate the effed that mufi be produced by the rapid com- 

2 bufiioa 
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xnanufadorics profpcr in peace in the naidfi of 


WflionNof Several hunilred weight of brimftone; but inen’e 
fears on i^s ilead are now fo much allayed) that we fee fo? 
veral of f 
our cUies« 

\ The diHilKifSiatoor aqua foriis and fpirit of fait, in other Aqua fordt uA 
ords, of the nitric and muriatic acids, are not more danger- 
ou!\ than (hat of fulphuric acid. The whole of the procefs is 
^^erformed in an apparatus*of glafs or earthen-ware, and it is 
unqueHionably the great inlereft of the manufacturer to Ciimi- 
nifli the volatilization or lofs of the acid as much as potlible* 

Vet, let him pay whatever attention he will to (his, the a r 
breathed in the manufafiory is always impregnated with the 
fmeli peculiar to each of thefe acids; but you may refpire there 
freely and fafeiy, the men who W'ork in it daily are not at all 
incommoded by it, and the neighbours W'ould be very much in 
the w rong to complain. 

Since the manufactories of white lead, of verdigris, and of Vine^r. 
fugar of lead have increafed in Trance, the demand for vine¬ 
gar has been enlarged. 

When this acid is dillillod, to fit it for fome of the purpofes DlftJIlcd vine- 
for wijieli it is ufed, it diHufes to a diftance a very lirong fmell 
of vinegar, in wiiicii there is no danger; but when a tolulion 
of lead in this acid is evaporated, the vapours aiTume a fweet* 
in^ character, and produce in thofc who refpire them conftantly 
all (he efiefts peculiar to the emanations of lead itfelf. Hap¬ 
pily thefe effefts are confined to the people who work in the 
manufaflory, and are unfelt by thofe who dwell in the vici¬ 
nity. 

The preparations of mercury and of lead, thofe of copper, ^T^nc^a^ pto 
antimony, and arfenic, and the procelfes of gliding on 
are none of them without lome danger to the perfons whfo re* 
fide in Ibofe manufadories, and are concerned in (he operas, 
lions; but their effe£ts are bounded by (he walk within which 
they are carried on, and are dangerous only to the perfons 
concerned in llio manufadories.. It b An objefl well worthy 
the attention of chemifis, to inveftigate the means of prevent¬ 
ing thefe .injurious eff.Qs, and indeed malty of the inconveni- 
weies have already been prevented by ih<;s help of chimneys, 

/Which convey the vapours into the air out of the reach of ref- 
piratical aoJ at nrefent the whole atteniiori of *adminifiration 

ought 
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bugfit to be confined to dire£ting fcience toward of 

improvement of which ihefe procefles arc with re- 

gdrd‘to health* ^ 

f!wflun blue, falffication of Pruflian blue, and the e^l/j^lElion of car- 

j^ra'lamino^ bonate of ammonia by the dillitlation of aditSST fubftances irv' 

the new inahutaflories of fat ammoniac, produce a large 
quantity of fetid vapours or exhalations. Thefe exhalations^ 
it is true, are not injutioU" to heuldi; but as it is not fuflicient 
to conftitnle a good neighbour, not to be a dangerous one 
merely, but not even to be a difagroeable one, they who un¬ 
dertake fuch manufadurcs, when they have to feek a {ilualion 
for them, fliould prefer one remote from any dwetling-houfe. 
But when fuch a manufaClbry is already eftabliflied, we would 
be far from adviling ihc magiftrate to order its removal: U 
would be futHcient in fuch cafes, to oblige the manufa6hirer 
build very high chimneys, that the liilagreeable vapours pri 
duced in thefe operations mav be didipated in the air. This ij|^ 
particularly praflicahle for the fabrication of Prullian bIue,ar|P 
by adopting it one of our number has continued to retain m 
the mldtt of Paris one of the m*ift important manuiaflorics of 
this kind We have, againft which the neighbours had already 
leagued. 

In the rejwsrt we layjbefore the clafs we have thought it our 
duty to attend only to the principal manufadories, againft 
which violent clamour* have, been raifed at divers limes and 
places. It is eJify to, lee, froin what has been faid, that there 
are but few* the vicinity of whitft ts injurious to health. 

Hence we cannot tooilrongly exhort tliofe magiflrates who 
have dt® health and fafely pf tin? public commiUed to their 
to difregard the unfounded complaints, which, Ido 
fiieqttently brought againft difterenl eflablilhmenls, daily threat- 
profperity of the honeft manufaQurer, check the pro- 
^^’of iirduftry, and endan^r the fate of art itfelf. 

_ .. The magiflrate, oi^t4b be on his guard againft the p'ro- 

liften toB readily cecdings of a reftlefiiQr jealous neighbour; he Ihould carefully 

diftiriguint w hat hojuly difagre^:able or inconvenient from what. 
is dangerous or injufioup; he (hould recolleft that iSte ufe of 
pit-coal was under the frivolous pret^ce tha^ 

it was injurious in ftiori,.he (hould be fulty aware , 

of this truth, that, by Hflening to complaints of this nature, 
tiot only w'oald the cflablilhmeot of feyeral ufeful acts in France 

be 
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be prevert^, ^but we (hould infenAbly drive out of our cities 
the farricrsl carpenters, joiners, braliers, coopers, founders, Dlfagreeable 
weavers, an«#d^liofe occupation is more lefs difagreeable 
to their neigiJfjStjVs. For certainly the omploymenU juflti'ne 4 
zl^med are more un^eafant to live near than the ntanufadorids 
mentioned above, and the only advantage they enjoy is that 
aheient praftice. This jight of toleration has been efta- 
bliihed by time and necefiity; let us not doubt therefore, but 
our manufactures, when grown older and better known, will 
peaceably enjoy the fame advantage in foeicty; in the mean 
time we are of opinion, that the clafs ought to avail itfelf of 
this circumftance, to put them in a particular manner under 
the prote£lion of government, and declare pnblicl)'', that the 
manufac^a^es of acids, fal ammoniac. Pruflian blue, fugar of 
lead, white lead, ftarch, beer, and leather, as well as flaugh- 
ter-houfes, aie not injurious to the health of the vicinity, when 
they are properly conduced. 

We cannot fay as much for the ffeeping of hemp, making Injurious nunt- 
catgut, layflalls, and in general eftablifinnents where a large 
quantity of animal or vegetable matter is fubjefle^ (o humid 
pulrefaftion. In all theie cafes, befide the dilagrceable fmell 
they exhale, miafniata, more or lefs deleterious, are evolved* 

We mail add, that, though the manufactories of which we Manufacpires 
have already fpoken, and which we have confidered as tlot tn- 
jnrious to the health of the neighbourhood, ought not to bettri^ons* 
removed, yet adminiftration thouldbe requefted to v^'alch over 
them ftriflly, and confult with wcH-informed peFfons for pre- 
feribing to the conduflors the nioft proper meafures for pre¬ 
venting their fmoke and fmeli from being diffufed in the vici¬ 
nity. This end may be attained by impioving the procefTesof . 
the manufadures, railing the outer walls, To that the vapdura 
may not be difiuled among (he neighbours; improving th6. ' 
management of the fires, which maybu done to fueb a point, 
that all the fmoke (hall be burnt in the 6re-place, or depoffted 
in the tunnels of long chimneys; and mainlaining the utmod 
cleanlinefs in thetnanufa£lorics,To that nothing tliall be left to 
putrify id them, apd all the refufe capable of fermentation be 
idllindeop welU, and prevented froinahy;;^iay incommoding 
/the neigfaboura.' 

We (hail obferve too, that when new manutaflorics 
Pruflian blue, fal atnmoqiac> leather, (larch, or any other ar*-*^^****’ 
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tkrle by whieh vapours very ioconvenient to thefPtighbours, 
or danger o^ tsre or explofions arc to be eflabiifli^d, it would 
be wife* i^d prudcnti to lay down principle, that 
thi^y are aot'io be admitted into cities, dw^lings 

v^ithout fpecial authurtly; and that, ir^rfons aegled 
comply wUb this indirpenfablc condition, their manufactories 
may be ordered to be removed without any indenmificatidn,.,^ 

It follows from our report, lfi| that catgut itiano&flories, 
layftalls, fleeping of hempt and every eftabKfhment in which 
animal or vegetable maiters are heaped together to putrify in 
large quantities, are injurious to health, and ought to be re¬ 
mote from towns and every dwelling houfe: 2dly, that ma- 
nufaClories where difagreeable fmclU are occafioned through 
the aftion of tire,, as in the making of acid*!, Pruflian blue, 
and fal ammoniac, are dangerous to the neighbours only from 
want of due precautions and that the care of government 
IhoLild extend only to an aftive and enlightened fuperintend- 
ance, having for its objects the improvement of their procetFcs 
and of the management of the fire, and the maintenance of 
cleanlineCs: 3dly, that it would be worthy a good and wife 
government, to make regulations prohibiting the future >li!)a- 
blifhment of any iihanufaflure, the vicinity of which .fr at¬ 
tended with any elTential inconvenience or danger, towns 
or near dwellingf^haul'es, without fpecial authority previoufly 
obtained. In this clafr may be comprifed tbe manufa^orios 
of poudrette, leatiuar, ibundries, molting lioufes 

frir taSow, {laughter rag warehoufes, manufactoriet. 

of Pruffian blue* vamiAi, glue and fal ammoniac, potteries, 

&C. V ' ' * 

I 

Such are the concluflons which wc have the honour to lay 
the clafs,* and addrefTed to government, with itivita- 
,tbn io make it the bale of its decifioos* 
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JFd&s r^t^tive Torpid State the North A»terican AUigafar^ 

Bp j&KNjAMiN Smith Barton, M. 

XT lias not, I thiok, been remarked by (he generality of the 
writers on natural hiftory* that the North American Alligator 
pafTes during the prevalence of cold weather, into the torpid 
ftale. This however, is unqueliionably the cafe in forae parts 
of the continent. 

Mr. Boflu, a French writer, after telling us that tbefe Account by 
anintials are numerous in the Red River, one of the weftem 
branches of the MiilifGppi, (ays, they are torpid during the 
cold weather, and lie in the mud with their mouths open, into 
which the lifli enter as into a funnel, and neither" advance 
nor go back. The Indians then get upon their backs, and 
kill them by flriking their heads with hatchets, and this'Is a 
kind of diverfion for them f* 

Dr. Foftcr, the tranflator of the work, obferves in the pre¬ 
ceding paflage, *' that the circumflance of the alligator’s 
being torpid during winter is quite new,.and very remarkable 
for natural hillory.” It feems (he adds] almoll all the clafs of 
animals called umph^ia, by Dr. Linnscus, when found in cold 
climates grow torpid during winter. 

In addition to the authority of Mr. BofTu, I may here Another ac- 
menlion the following faft, which was communicated to me Graham^. 
about the year 1785, by a Mr. Graham, at that time a very 
intelligent fludent of medicine in the Univerfity of P^n- 
fylvania. 

The alligator having previoufly fwallowed a nui|Q|)er 
pine-knots, retires to his hole, where he remains in a torp^,)e^il>rcvioui 
Rale, during the feverity of winter. If killed at (bis Ceafen, 
thefe knots ace found highly poliflaed by tbetr trituration one 
againfi the other in the animal's doniach, as I have more 
than once hear4 from men of undoubted veracity, who had 

* From ** the Philadelphia Medical and PhyRcal Joumar’. Col- 
lefted laid arranged by Ben. Smith Barfon,^i^ D. It is publilhed 
In hidf yearly Numbers, firft of which appeared in November, 

!W4. 

f Tr«rcls tfarmaj|li c^at patt of North Aalfrjca formerly oaUe^ 

Xrf^ifiwa. Spglifli Tronflation, Vol. I. p. 3fi7, London 1771^ 
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been concert^ in the fad. Indeed this is fo notorious tn 
thofe parts in which thefe creature'^ abound^ that the digeOion 
of the alligator's flomach is proverbial amon/tijtiu niuUilude, 
who deride its intipidity in the choice of ru<^do6d| though, I 
prefume, this it does inflii:dively, for feme purpole unaccouijic^ 
for i>y nafuralifts; and which, perhaps is beyond the limits of 
human ken.” 

The fad related by Mr. Graham, relates to the alligator of 
the Carolinas, in wliicb parts of the United States this animal 
is very common* By another gentleman 1 have been in« 
formed, that the pine knots which the alligators fwallow are 
generally fuch as are very abundant in turpentine. 1 have allb 
beenafl'ured, by my friend Mr. William Barlram, that lie has 
feen a brick-bat which was taken out of the Aomach of an 
alligator, and that it was worn quite round, 

Mr. Lawfon fays, that (he alligator is nut feen to the North 
of' North-Carolina, They are very common at Cjpe-Fcar in 
latitude 34'. One twelve feet in length has been feen at this 
place. On the Atlantic fide of the United Stales T am not 
able to trace ihcmfadher than the Alligator Dilmal Swamp,” 
which is between Edentcn and Newbein in Nurlh-Catolina* 
Tlie mouth of the Red River in latitude 31. 

. Within the trad of country jull mentioned, the alligator 
obeying the impulfe of the climate, patTes into the torpid tlatc> 
In Noilh-Garolina this takes place about the middle of 
November, Iboncf or fetor,, according to the ftule of the 
feafon. Whether the animal becomes torpid In muie Sdathvrn 
parts of the Continent, I have not been able to learn. On 
tha river St. John in Eaft Florida,'4hey have been feen avv ake 
even \n the middle of winter, but it was remarked (hat they 
f^mcddull and Aupid. It has alfo been obferved, that they 
k^^uftomed to frequent the warm fprings which arc fo 
abundant in this part of the Continent; and that (hey are* 
fond of lying in tbefe ^rings. .Perhaps the beat of thefe 
fprings may be (ufficiedf to prevent them from becoming torpid. 
But it muA be obferved, that a deficiency of heat is not the 
onlycaufeof thetofpi^^CfQndition of animals. 

It may not perihai^'.^. aflign a failiifadory 

caufe for the fingutaf tnfiindive appetite, which leads the 
Alligator, before going into the torpid ftaie, to fwaIN w ptne* 
and other fomewhat finiHar fMbfiance^^ fiut 1 ap*. 

5 ^ i . prebend 
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prehend that (liefe Aibflances, when taken in by the animal^ 
a£l in fomc inoafare by keeping up a certain degree of adion 
in its flomacb) and confequently in every part of the ryHenit 
and thereby piwents the death of the animal^ which might 
otberwife. bo dcliroyed by the Jong continued application of 
cold. Some fafls mentioned by Dr. Pallas, though they re- 
fped a very different family of animals, render this conjecture 
not a bule plaufible*. • 

This fubjeCt is worthy of more attention. In particular, it 
will be well to enquire, whether the alligator does fwallow 
piue-knots, tiones, &c. in ihufe parts of America in which it 
does not pafs into the torpid Hate. 
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Ohjir^atvms and llxperiments on the condu6iivt^ Power qf Fluids^ 
T. S. Tkaill, M, From the Author, 

To Mr. NICHOLSON. 

SIR, Liverpool, Sept* 10, 1805. 

If you think the following obfervations and experiments 
worthy of a place in your excellent Journal, your inferting 
•Uiein will oblige. 

Your obedient levant, 

J. S. TRAILL, M.D. 


Count'Rumford was the firfl who maintained, that fluids Doarine of 
are abfolute non-conduSors of caloric. This concltifion 
drew from the interefting fafl he had difeovered, of tbe aonwconduc- 

treme flownefs with which ice melted when a flratum of ct4d torsoflwar, 
water was interpofed between it and the heated body. ^ «ontrovertcd.^ 

imagines that it was always, melted in fuch circuniflances, 
either by currents produced, in fome.^f them by changes in 
Specific gravit)^ or by ilie tranfiniffion of caloric Uirough the 
tides of the contaii mg veifel. The exf^rinienls of this illuf- 
trious philofopher have roufed the ^tention of the learned, 
and to the united labours of yourfei^ of T^omfon, of Dalton, 


* ^liloiia Gliijiun), &c* 
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and of Murray, we am indebted fdH ibvefiigaiion «f fha 
Counts opihions^ the refult of which fcedis to/be, thatdlttids 
are not abfolute non-condu^ors of caloric, ^ 

The eaperiAi^tft of Dalton and Thomfon {4ve proved, that 
appearances of currents fuch as defcribed by Rumford^ 
and Murray, * teay he Often illufory; and from thofeof Nicholfon, and from 

Se Count***^ Maitay^fi firft experiments, we have frrong reafons for fajj- 

pofing, that the temperature was'affeded by the conducing 
power of the fluids employed; but in my opinion the expen- 
Oients of Murray with a cylinder of ice, are the niofi com* 
plete demonfiration of this contefled point. In a late paper, 
infcrtcd In the Tranfa^ions of the Royat Society of London, 
Count Rumiord endeavours to obviate thefe objeQi O{ My > bis 
hypothefis, in his ufual ingenious manner. 

3t not appte- Even admitting that in your cxpciiments the calo^ was 

folcly by the containing veficl (an opinion by no 
Murray could be Aieans probable), and that rtavcntf,«fuch asKumford defcribes, 

have all the efledl he attributes to them in certain cafes ; iUll 
the experiments of Mr. Murray appeal to me incontrovecU 
iblc. It was not, therefore, without furpnfe, that I ob« 
ferved him ufe the following argument to invalidate their re- 
fulls; When that veflel is conftruflod ot ice, the flowing 
down of the water, refulling from the thawing ot the ice, 
will caufe motions in the liquid, and confequcntly inaccu- 
raciiis of flill greater moment;’' viz. than thofe produced 
by the conclu fling powers of the fides of the vcfieU Now the 
melting of the ire could affefl the thermometer only by being 
itfelf healed, and then tricliling down the (ides of the cy* 
Knder of ioe. But I apprehend, the water refuUmgfrom the 
melting of the ice could not gain a higher temperature than 
Fm while it remained in conlafl with ice. If we mix eren 
OMifoat parts of vroter at 172^ and ice, we do not And that tbh 
Ihteperature of the mixture ts above S2^. If fudi a lai 
quantify of Water canndt toaintatn its tempdratara in coni 
wkh ice, can we ftfppofe that fitch a finaU qaantity as 
formed could fife to a higher while trickling dbwn the fidns 
' of a thk k cylinder of ice. 

and certainly not Bui even this exptemAion of the phenomenon advanced by 

cury ia*a \cffcl Count Rumford, U eiMSrbly inapplicabla to tbq experiment 
aftr- with mercury; fcr Uie drops of water formed could not pof- 

iibly fink in a fluid fo mtteh morbStenre, nor throw* it into 
^ren ts which could reach the thermoWler. 
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ihofe in 6 ft iQCof)iou«eKperiin«n(s devifejd by Murray^.^f^ft 

. ' . /. , 1 «. 1- • 1 ‘ i!uMs are proper 

vf«l)avte otheiwpfoafs of tho coaduaiDg power of b(|«itt8 m tonduaoii. 

fel^ral well ^n\wn faS^* 

If the nonScondu6iing power of liquids have any incwn- i. They ukc a 
iflg, ii TOuft figni 4 that tl^eir particles are incapable of com- 
monicating to each other the temperature they have a>c*quired mixing, 
by phyficai cooti'ft with (btne Other body, whofe temperature 
was elevated. If this wele troe^ how fl>all we account for 
tiic mean temperature produced by m-iKing equal quantities 
of hot and cold water? Rumford, if I recollect aiights has 
endearoured to obviate this .objeftion to his hypothecs by 
luppoiing, that it is only an intimate mixture of hot and 
cold particles which takes place in fuch cafes. If this were 
true, we fliould eK|ved, from the rapid motion he fuppofes 
the currents to have in liquids tl;at are 'healed, Ihul they 
w^ouid loon feparate into warmer and colder ftrata, from tlie 
difference in their fpecific gravities ; This however is not the 
/Cafe: The whole acquires a uniform temperature. 

2 d. When mercury and water at different temperatures *- More parti- 
are mixed, an interchange of caloric lakes place. From the 
very great difference of their fpecific gravities we cannot 
fuppofe that every particle of the one has been in contact 
with every particle of the other j yet they foon acquire a 
common tempi?ature, which though not a mean, has always 
a confiant relation to the temperature of the (wo fiuids before 
mixture. Ddbs not this indicate a confiderable condviSing 
power in thofe liquids? Indfied) I cannot conceive timt any 
interchange of lempctatore couM take place in cafes, if 
the particles of the liquids were incapabk eif cOffimunksaiinjg 


*heir c^aloric to tlie next partides. 

The bcatKifub experiment devifed by Roolfpfd, ^ 3 . The veifti U 
which Water, in a giafs tube, was tnade loi^il over a 
of ice, by apjAcatiou of a lieated body to'tbe qppe^ f»Wt couitt for th^; 
’^of (he coptlaising tube, with 0 at, for a v|fy i<mg tidie, a^jfe^ng ^Ife doc 
tlwe ice, is -a fuffimnt proof of llw Sa^irefa wUb which glalstrine of c!r. 
.imnfmtts caloEjc,, and cfedriyandicatds that the fides of the 
vHfet in fevOril 0 the experiments of 4he above*^ipeiHtp«ed 
plntofephera/ cooM not be the foie ec]i#ii 8 iog^edmi)b. * 

4A> .Tho'^fixtoenA eaperknent .(evenlh effay, 4* Hot aatw 

•ffoYds ahoflber argem<knt > agatnR He 

4ioiltng water fifl edd wat^ reRed on a its tempersm^ 

A. eke ^ 
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tnAe o£ ice Ip the boi(oi& d 
fur&ce of ice the tempersLure.vra^ 40\ d diftaDoe d 
three Jpohet it wu 159^, but at the diftance /f feven inches 
it waji on}y 160^. Had the cold \^aier acq^Tcd* lU elevation 
of tetepefslare by the ruuents produced, or by the fides of 
Ibe ve^e|» we ought, I apprehend, to have iound the tem¬ 
perature fpreading more aniformly : but though the iirft fpur 
inches only difler by one degree, we find the next three dif¬ 
fering by 119 degrees. 

5lh* If liquids were abrolute non-condu£lor^ of caloric, it 
would neceflaiily follow, that when caloric was applied to the 
upper furfdce of diifcrent li(]mds, other circunifianc^s re¬ 
maining unchani'cd. and provided the liquid did not mereafe 
jn fpecific giaviM bvcooUngi incrments of tauptratutc 
VfOu(d taU place in tqiwi 

P’loni fevvMiil exjieiimenls it in probable, that lome liqiiidst 
conduS^ caloric more rapidly than others. The following'" 
were undertaken with a view to afceiuin more accurately 
this point; How far I have fiic< ceded J leave you to judge : 

A C)linJrical seficl was tumid out of wood, having its 
£des0.5 inch thick; its heigh* fnirirchos, and its diameter 
two. It lias a moveable woodun lot) lu cover perfoiated \citii 
ft hole in its centre a Iitile moie than an inch in diameter, mt« 
which an iron cylinder ol cm ii • h m dnineter could be eahly 
introduced. This cylinder fu|/pmlccl by a flight flanch oi 
0iouIder-piece, and can be tal co up by means of a flung at¬ 
tached to its top. When the iron bar in its place, its flat 
lower extremity is 0,5 inch diflant fiom the bnib of a delicate 
Jnercurial (bermometei D L, which is fixed by wax, in a hole 
|mrlbrating the cylinder near its bpttom. Tins thermometer, 
^hich was made by the late Ranifden, has a tube as fine as a 
booMm bair, and is bended to a light angle, fo that its bulb 
|isid part of its flem he in the axis of the wooden cylinder* 
TMs fliape was preferred, becaufe the flem could be littl^ 
afieded by the caloric franfmitted by the fldes of the vefleJI 
till afler (he bulb was aded on by the caloric of tfie iron bai7 
A variety of experiments were performed with this sq^paratus 
in tire following manner: The temperature of the room being 
flcailily 07^ dui^ ibe trials, a kettle of water waikept 
bailing over (be i|re; Its temperature was betw^n 21 aj^ 
andj fhis the eytinder of iron waa to^ie- 

* main. 







itt feach expftrwwttt,: Tfce liquid to be*ri the rife of 

tesrobed* and all the app^irams' (but 4he iron were, *1 
each expcriqaltpt, afcertained 4obe at 67®* The liquid waiiMsath* waa«b« 
poured into the ^ooden vefftl, till it could rite 0.1 
the fide of the iron cylinder when in iu pkce: The wooden 
top was put on, ^d the iron was drawn out of the ketile 
ofjioiling water by tneanS'Of the attached firingi and inftantljr 
let down through the hole\)f the cover. The time the Iher* 
momcter took to rife through three degrees (to 70®) was ac¬ 
curately marked by means of a fiop-wafdS| and the refutts of 
my cxperiiuenls on feveral fluids ore' exhibited in the ibi* 
lowing 

TABLE. 


, x* 
'r '»i 



Llipi.dsi j 

Minutes. 

Seconds, 

]. 

Water, - ... - 

7 


2. 

Milk of u Cow, 

8 

2.> . 

3. 

Proof Spii il, - - . 

8 ncaiiy 

H 

4. 

Alkolut!. Jjondou Pharm, 

10 

4J . 

5. 

Traid:nirent Olive Oil, - 

9 

56 

6. 

Mercury, - - . 

0 

13 

7. 

Soluiitm ot Sulphate of Iron, 
one part rA S.ilL to five of 
W'aler, - - • 

8 

f 

O 

8. 

Saturated Solution of Sul¬ 
phate (i\ Aluminc, 

0 

40 ‘ 

9. 

Ditto Solution of Sulphate 

• 

• 


ot'Soda, - - . 

6 

SO 

10. 

AqnaPotafs. Purm.-Limd. 


•• 


Piurni, - - . 

8 

15 -.-j 

, H- 

Satmuioti Solution of Sul- 


1 * 

r* 

t 

phalc of Soda, but the 


i J 

•- 

Liquid not touching the 

* 

« 

t 


Iron C}!iiHler by O.l 


' '' 

1 

Inch, or nearfy Jb, 

19 

20 . ^ 


*■ 
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Tdkle of refiilti. 


As the water in the firfi' experiment was employed 'it aThe 
ienhperaiure above 42®. it riould i>ot affed iHe thermometer hy 
any change of jdenfity; it may therefore ferve as a fiaridafdduce 
to compare the^lhrf liquids. With regard to the difFcrertces 
of a few fecqnds, we need not infifi On it as indicating any ing., 
snat^al difference between the condnSHrij^ power of the difier- 
ismt 'febflahcbs; becaufe the eye may not be abtelo n^rk it 

bui wherb this difierende amounts to fiearl^ 

a quarter 


.'•OiS 



m 




mtpxiLr’UsT of n mlnufe, lo feveral ^Bala% 

we may fairly K^clu^e^ ibsA a difereoce/in condaditig 


power. 


fi 



The fluids arc 
proper conduc- 
lucs* 


In all tbefe etperiments the Mes of the Apparatus IhottM 

have produced ^oal increments, had this been liie caufe of 

tbe rife df the tbormameler; and it is ardent that currents 

downwrards could not afe£| it. TbRi the €de* of the veflel 

« 

could not communicate Ibe temperature to the thermometer, 
nor eiren the radiant caloric af!^ it in the manner obferred, 
the eleventh experiment {which by the way afo(e from an error 
in the mode of condu 6 tin;t the trial whh fulphate of foda) fafii- 
ciently demonftrates. From an infpedion of the table, it will 
be feen, that the aqueous folutions of different falls differ ma^ 
terially From each other in flip celerity^ with which caloric is pro¬ 
pagated througl) then). ^ 

I attempted to meafure the condu^iing powers of feveral oE 
the weaker ^ids, but 1 was icon convinced that their action 
the iron might invalidate the accuracy of the refulls. 

It will l>e unncceffary to obferve that if we find the thermo* 
meter requiring different times for its elevation, in fuch cafes, 
we muft aferibe it to the conduSing powers of the medium 
between it and the heated body. 

If 1 am not deceived, may conclude from what I have 
above adduced, that liquids as well as folids are condudors of 
caloric ^ that the tranfmillion of it through them follows a par- 
ticulariaw d^pendingoh ibepro})erlics of the particular liquid, 
but which is not in die eXaS ratru of any of their mechanical 
^NTOperties, ibottgh ftetiferihat of Uicir denjlty than any other. 

^ Sefeb, Sit,'are the principal argubients that teem to militate 
agsdnfi Count Rumford's hypolhefis, which he lias, witli th^ 
by the jkw COR-Ihgfenuity-^ which diftinguiflies his refearches, applied to tl« 
of ffuids^by^ feltiliflii' of timy Im^rtaiH phenomena of nature. Theft, 
ic 9 negatioa." beVPlftver, ntiy be equally well explained by foppofing liquid^ 
V^ryflowewr- vet^y bpd QOnduflors of caloric^ And, if the currents caufed 3ti 
* 1 ^“**^** changes m temperature, have even i'very inferior^ 
Olaciere of veiocHy lb Vhatite ftppofts, we'may, i think, account fuifi- 

ciently well for the appearahee he ol&rved on the Glaciere of 
Chamouni, wbidi be piropofes as a left of his opinions, by 
the derreaft in of water while jfs tomperatuse de¬ 

fends IVom 42*^ td.^^ (a faSt whkdi (be Coant^s late expeu 
nmetUs cocifirx^ viuthoot atifei3ding to 


The Cmint^s 
fadts may he M 
well explained 


UAI. 





ACCOUNT OF It FiROOlOIH 

« 

ixm-condcAiOg^^ An examination ^ 

tfuli wouid^ h^ever, extend lartlier this alr^y too long; 
letter; but if\ou deem fudi an enquiry bterefting^ it may 
l>e the failed pf ^ future commanicatton* 

i am. Sir, 

Youths ^ith re(pO£t, 

T,S. TRAILL. 


As this letter did not come to hand till above a fort- 
pighl after its date, and the verbal defcription is very clear* 
it was not thought necefSiry to poflpone jt £dr engraving the 
pullior*s tketd] 4 -*N* 


XIIL 

Jnrb'an y^ccoufit of a rtmarkabliji fvong anH ferocious Beaft, which 
(iky fa^) exijlid in the mrtltern Farts qf the SttUe qf New 
York about two hundred Years ago, Colle&ed and conwmm* 
cated* b» Mr, John H£CK£W£i«D£a. 

The jagitho't'.(or naked animal, or bear, as feme of the Account of the 
Indians call it) was an animal much fuperior in fixe to |,j 

largefi bear. It was remarkably long-bodied, broad dovrn its the Ameiicaa 
flioulders, bat thin, or narrow at its iund fegS or jaft at 
termination of the body. It had adarge bead and a frightful 
look. Its legs were fiiort and thick* paws (the toes of 
which were furniflied with long naUs or claws,, i^rly as lot^ 
as an Indian’s finger) fpread very wide* Except the head, 

4he neck, and the binder parts of its legs, in all. which pli^OS 
the hair was very long^ the jagilbo was almoil naked of bafrt 
on whidi account ti)e Indians,gave it the name o£ liafced..^; 

Several of th^ animals bad before, this time been defir^^ed 
)fy the tndums* but ibU par^colar one bed, firom ^m<r to time* 
deAroyed many of. the Ind^ns, particuUrly women and chil^ 
dren, when they were out in the woods getting nuts, digging 
roots, &c. or when .be^ were working in the fields, Hi^exa 
when iaft purfued by this animal,,had no means of efcaping 

* To the ^^itor of theFhiladelphia Mdliiiff^ aEidPii^&calJour- 
nt]> iithente ihis is taken.' • ' 

•f, Th*.||jdian name of this bcaft or animal; - 

' from. 





ludUMt 


4 Ccocrvr oi* a biast* 

‘ * < ^ _i i 

. .L ^ 1 . " • I ’ 

9 > • ' 

Acttimt of ^e from it except where Ativmr or l^'e wa» ^t hand> by ploi^ng 
by wtftefs, and oa^ or douk the {irtsm lo a 

Americaa great dtflance, they eSeSied thdr efcape. W) en this was the 
cafe, and fhe >vas not abU: to purtue his intended prey 
any furtheti he would fet up fuch a roariugfnoife, that every 
Indian who hear4it trembled with fear. 

_ *4* ,* 

This animal preyed upon every it could lay hold^f. 
It would catch and kill the larged bear, and devour it. While 
the bears were pbniiful'the it^ians bad not (o mudi caufe to 
dread the JagiQto; but when this was not the cafe, he would 
run about bsfRe wobds, fearching for the track or feent of the 
fauhtmf and folldw them up. The women bt eame fo much 
afraid of going out to work, that the men atT-mbled to 
berate on a plan for killing biA. 

This beatbliad its refidence at or near a lake, from wliich the 
water flows hi two different ways (or ha< two different out¬ 
lets), one northerly and the other fouthcrly. The Indians 
being well informed of this circumflance, a refoluto party o| 
well armed witfi bows, arrow?, and fpears, made 
wards the lake.' They Rationed Ihemlelves on a high pi 
pendieular rock, climbing up the fume by moans of Indii 
tedders, and then drawing thefe ladders up afler them. 

After being w'ell fixed, and having taken tip with them a 
number of flonesv theTndiarU began to imitate the voices and 
ories the, variolfa iwaOs woods, and even tliofe ut 

ehlldreti,' irr order to the jagiflio thither. Having fpenl 
feme days In thii.'|3ils^ WUheut %cvefs, a detached parly took 
'jib ei^rfion todbm^ trotn'the rock. Before they had 

Mildtbd'tbe rdek again, thb beaflbad gotten the feent of them^ 
aii^'in fbit them» They, however, regained 

ibbt j^fltion before he aiyived. When he came to the rock, 
jfe ^&'lh gneat inger, fprangltgainff it with his niouth wide 
gfinrdng and fdkthg" updn it, as though would tear 
it‘10 jpieces'^ * tiuring tiiis tiiiie, numbers of arrows 

and ffonies were difebargedAt ium, unlU'At length lie dropped 
down and? Expired. 

Hts bead ivias ieui pflF, and was earned in triumph by the 
Indians' ^ , their ylili^es or feUlements oh the North 
River, and was fixed upon a pold that it might be feen. 
Ait then^^bf thb of the animal fpr^t! among tte 

. , neighbouring 




' 'AC«OOKt Ot A MKOciotlFs BEAST. ni 

, , ’ ‘ * 

V. »•' , ' ■ « 

neifljhbourinir iribes, numbers rf them came to vfciv, the head Aecaaat ofike 
luid to praile vi6lortous Iiidiaiii* for their warlike deed. , jagSfta kf 

Na S. The Maliicanni claim the honour of this aS. the Atmttkm 

Remarks by Tiic^ Ediy6&« 

The precedinjf traE^mnal account* of the Indians^ coij- 
ct^iming ihe ** naked beartjv are in feme refpeQs, lb very eK» 
trav;igant, that they may perhaps be dedmed altogether un* 
wonhy of any attentron. I muff confef*^ however, that I 
cannot but conffder fuch traditions, though imperfectly handed 
di}wn to us, and evidently disfigured by'fable, as entitled 16 
the notice of t()e naturalifl and phnofopher. 

That fuch an apimal asthe Jagilhd isdeferibed to have been^ 
has ever e>».<Pied in the ftate of New Yoik, may perhaps 
admit of a utional doubt; but that the Indian tradition relate 
to fmw rcnufri/4hie SLYiinvAl timt is no longer to be feen in the 
country whh it it is laid to have inhabited, I think there t< 
good ri'afoo to believe. What this animal wasS, at what period 
it ceated to b**-. leeo, ^and what was the more pure account of 
the Indians concerning it one hundred years ago, 1 4^ 0 Ot 
retenci to <lclerroine. 

the Indian traddion refers to the large animat, (I 
ean an itidividul of the fame fpecies,) fame of wbofe bbnea 
have been found in a cavern in the back, parts of Virginia; the 
animal of which mention is mj^e m,.the ffrff ,part of this 
JournalIs is true indeed thajt the. Ipdian accostnla. of ibO 
a6liviiy of the New York animal.are not yerv pourable t6' 
the idea, that the animsd' was Mr, JefferfonV^Megalop}^^ 
which I have fiippofed belonged to the order ^f Tadigrads^ 
corapreheiiding the Sloth, the Armadillo, and others^ ^ 
is faid of the claws of the Jagifho may.be thooght.to |aviou|!, 
the notion that this w^aareaijly the Megalonyx, 
jitem. Sttt X.wi^ld nht be^^«iiiderff 0 od to place moy dtfieadk' 
ance vpon the, minute or ,d«rcriptive:CircumffaiK;ea wbkli 
are rnentiohedi in (he Indian tradition. ' ^or indeed^o I thtii% 
it at all probable tba^ (he Megalonyx (as it i$ called) of at^ of 
the fpecies of elephants ;.whole eauviar abound in vaHmtf ppTtB ' 
of North America, have been feen ifi'a,.:]^vingT|iate. in thi& 

Continent, w^hin the period of two^' ,ev6p' two 
hundred yga^l. 

a SefltonThirdi p, 1^4* 
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Klaproth* 


l4}«)^*8 piioe 
given to H4ii« 
4ltig. 


KeW mufical 
^ftrumenu 


irCfKXW^ KSWf* 


SCTEffTIFIC NEiVS^iffl. 

Death <f Prqf^ar ClaprotJu 


r^, 


SoM^ of tbe fereign Joumah have ^^tioiinced (he death of 
the celebrated Klaproth of j^lin^/.rW for (he benefit of Khe 
Sdences, contipaes in good health in bit iixty.fecond year. 
Mr. Julias Claprofo, ProfeSi>r of Jartfpriidence in the Univer« 
Cty of Gottingen,, well known for fewral learned works on 
that fui^eiSit died on tbe loth fehroary lali, in hts feventy-r 
fevenlli year* 

^/ifonmual Pttze. 

The medal fnanded by de Lalande for (he bed afiionomi^I 
vork, has been adjudged by the National Inflitute in its hi 
of ^pril lad, to Mr. Harding, ior his difcovery of the laft 
placet. That aUe aftronomer has been appointed to the di* 
feSien of the Obfervatory at Gottingen. 



JVtw JnpunmU 

a 

A Poljlb <;l)i>clt*maker naaaed Mailouflcy, arrived at Berlin, 
it tbelt^KtOningof the pi ef<iA(‘year, with the intention of ex¬ 
hibiting a new Bsinged, isAnmoent, of hv. invention. Not- 
vritbdanidfog a v|«^iefy of adtierttfements, be did not fucceed in 
atUpfiwg tJye jpnUie nolinc} and he determined to exhibit the 
'inBrnstent at a oOiMXfft prevuma to his departure. About 300 
emiUofl^nittnided by the mmes of Hoomel and Seidlen, who 
were to perform, attended, and towards the end of (he conceit 
near^ foilf Itbe nuaaber relifvd* The artifl proceeded to eX' 
Bil^t bfs Kfftifon, wbidl ia tb« nomo he gives tbe iofiromena. 
Ite«|itj$fia ^a found-boaidi e* which the ufiud fyftem of ww* 
oTthd pfoho »r* foetd* Iktweon thele wires are fmaN wooden 
i cylind^ which Vdng ,fHit into notion, comieuaicato tlanr 
ylhratioiis to the wires, Tbe tones are fo foft and encbanliog« 
that lb* harmonica eantiet equal then, the forte and piano are^ 
given ill every imaginaUe gradation, and the whole etttsQ was 
no left forpr^g than nnexpcBed, and (be maker Hnbn re¬ 
ceived orders iEbr a Dumber d the ioliraments. 

Jfte 



t 

149 , 

The prefentarticle is iakeaftoik Mrllin^s Mag^tn Eywycl&pe^^ 
dique, who does not fay whether, Mie wooden cyliiiders were 
moved in rot^ion or ofherw^^ nor how they were eppKed 
and prefTed agarnA the firings, T?te leading fadl of this notice 
feetOs to be, that V;ere are certain kinds of wood, and perhaps 
certain refinous ormatters to be. applied to them» kiat 
Wli produce the e£R«fi o^^bow upoh wire ftritigs in a foperior 
manner. It is indeed probable, that we do not yet polTefs 
much knowledge of the art of producing tones by the powerful 
expedient of bowings or light friction ; and medianics have 
fli(! an.nmpie field for applying thU method with force, pre- 
ciiion, and rapidity to the more compounded infiruments. 


On the 28lh of May laft died Alexandiir SiveHisn engiheer Death ^ 
of the French marine; who has been fixty years known to (he®*^**^*** 
fcrentilic world, for his writings bn navigation and the ItHtory 
of building, rigging and mancedvcrittg ffaips. He has Written 
accounts of the inftriiments for making obf^vations at fea { 
a marine difiionary; a di€lionary of the mathematics; a dic¬ 
tionary of architefiure; an hidory of modern philofophers, 
and an hi dory of the progrefs of the ulndt^flanding, 

• ^ I ' • . I, 

His works, tndicale a coniiderable fhare of ta!«;h( and.,^ry e&« 
tenllve knowledge. For iDany the lafl years of bis lifo he 
was poor and inhrm, and was much indebted to the c^es of a 
forvant who continued with,him fr^ motives of attachment* 

He died at the age of eigbty-five, leaving behind him a widow 
Itkewife very aged and ui want. 


j 'V 


Pure and Ceru/b^ 

I 

Ml'. Vfiin Mbns informs if lead alhns'tife 

a fuffictent quantity of liilrid by thfe help ^ a 
^^ntie beat, fiftered, ahd'pwipttated by chalk'm 
I^Owder, tile pr^*pit£t& when wa^ed aOd <fried, be fhe 
pureil and mod ^ea cerufo poffible. The qoeftiqn, wB'feb 
offers Ufolf on this occadon, is Wbethtr it could b4 at 


a rea(bn>ble price. 




Chramaie 






Ckromiit* UdA^gii *f SHter. 

6r Ct^Uit,Mou(Sa PouGdbkin Iwl 4>iroIved both tire red lead fpar 

*b 4 titnumaie «f Stiver in nitHc ^5d, by adding a little fujjar 
atia. tbiia linniMt tb« and u poured on, and pr^otmg the adtion 
Iqr jgtMtti*hetUk The (par then taqwe^i&y five or fix parts 
at eetdf ibe cbrotnet^ of filler Nitrous acid g^s 

is evolved, and the foiaiiou} Of tbe mmer is an amethyfi co- 
lour, of the latter h^acuet red, without ibe leafi trace ot grcui, 
aether iyt veMSUaa or refradiioo. 


fflMBMm bV 


Pt^fi^a&ion pr€xented0 

Dr. V«K hftVtng kft a of foup tn which were twelve 
or fifteen grains of |)fec»pttate, expofed to the open air 
ior four eKlubiled no hgn of pulrcla£lion» 

end did not^^viBh to have undergone an^ altersition. He 

ttien repeated the eKpetis&ett4fi|N! a month m the height of (urn* 
wiAotftWAaf t'W o\ide tnthe mean time had 

^ Hfldtiier dindtiMifibed ip n&t altered its colour. 

^ On t^tii .Mr. Vaft &!<9Na3 ^ferves, that he ha<$ iound broth 
«f kepp for yeari by |i>eeii|9 ^ u few grams ot mercury m tlic 
fiate of and pUmte. Nitrate of fiWer has long been 

|l^ ppwertul of antifepticsp and he ha^ 
sM and of mercury equally fo, Oxtgenated 
fiOjOpidllfi potafit retarded fbe pntrefa^tion of ftrong loup fe* 
and uUtmatie^ fWt a flop to it at a certain point, 
nmetc oxigenated muriatic aetd in the 

fifed JlfpdfecvalL a moderate ftrong loup lor 
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mdialMbttai. 



1“ 


MuiVuiKtshiniilias been near 40 years in 
of new 5o,QO0f. wilt be fold by 
jin 1^1^1608^ Onlefs an aoseptabte offer for the 
fiirdtafe of (he Wltole be provioufiy made. Hie (ale wiU 
' take piaco bt the bailding which now Contains the Mufeuro. 
Catalogues are prepndug with all fpeesL 
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JjATURAL PHiLbSOPHY, CHEMISTRY, 


Atrz> 


THE ARTS. 


NOVEMSEH, leOS. 


ARTICLE L 

Eiicls and Ol^rvatiim irdtOing to tht^ BHgfit, «id ttier Dljiafis 
qf Com. Ir\aiietlcrfi‘omK}JCvunBtLLk»9, E^. 

To Mk; NICHOLSON, 

SIR, \QAO&<d>er^ 180$. 

Although not nucfa in tlm inbtt of tglung ony thing Reference tothe 

on truft, I onuft oonfel's* Uitt when enriy in the %iog the 
pamphlet of Sir Jofeph Benkfti callelli Jt Jkrtt AedmU vf the ^e^ilght ia ^ 
4!nufc of the Dtfeajh in Com, colled the Fannen, the Blight, corn, 
the Mildew, and tkcRufi*, came "lo my knowledge, I idt 
very mnob indined op Urn credit of hii oitetifive &me to 
receive with a bnoanMe prejadtoe, what wu (o poftfivdy 
announced u tnfitfmatim)t on a fuh^ tbnt we atty all, I 
tHppofe, he allowed to have feonething to do with. 

Having ithercAire much leiiure, and being plaoed in a ft- CmUmi nm 
fonrable ^aatien to make obftrvadons, I began doing all tint * ^ * 

could itbeh be demOb .vis. pilnting ibme wheat near a barberry 
buih, and feardung amefaBy for the yellow raft on the early 
Jeavei, 

* lafertediadre ia ear |oumal X< p. ftSI* 

Vot, XIL-^-NoWMasa, 1805, L 


lae^t 







BLIGHT IN CORN* 


Difet&d ftf«w .f next examined the ftraw by ibe microfcope, making BBanjr 
thrt* difleflion* with great attention* The refuU of whichjwas, 
Mr. Bauer's a conviQion that the deligners and engravers part of the 6ne 

*”**”^*ft plates that accompany this eflay, has been excellently and 

faithfully managed, ai far as the fheii feafon would permit me 
to compare them, and fome old ftraws of the laft year render¬ 
ed it very probable, that the whole was correflly drawn. 

Doubt whether But here I began to fufpeA, that the was not fo guilty 
gram. ^ ^ reprefented, for, admHtitig for a moment, that it 
does intercept the (ap by plugging the apertures fald to be 
defltned in wet weather to receive the humidity of the atmof- 
phere, yet, as it is not yet afeertained that it flrikes root, into 
the cellular texture beyond the bac^, for I could not admit 
of faying there is no doubt of a thing that haa not yet bpen 
ifocedt fee page 11 (or 227 of Journal) and as (he plates, if 
they prove any thing pnm the contrary, vide fig. 7* 1 thought 
we roufl wait awhile be&M^e we could charge to this caufe the 
diminution of our flour* There was yet another motive in my 
lion for doubt: I&w, even by examining the flrawt 
that it was fcarcely poffible to find among hun¬ 
dreds of r^fied^raws that , had blighted heads, one that any way 
partook of iherufl except at the upper joint, and that partial¬ 
ly only, while the (heaths that nalure has* kindly given to ward 
off injuries^ were compleatly coiifumed with it. Now 1 be¬ 
lieve^ no one will pretend to afTcrt, that this injury done to 
the (heaths of the ftrawt could in any way aflefl the riling of 
tbeyi^ to the ear; we mull therefore, 1 foon faw, confine the 
caulie of injury, if this.ie any caufe, io the quantity of fungi 
that more immediately attacks the upper bare joint of the 
Itraw. 

And even here it appeared at this early flage of my doubts 
,to be very uncertain ; for if we reflect firft of all that it is 
by no means pretended to be proved, that thefe fungi do 
penetrate the cellular texture; and next, that if they do, it will 
remain to be proved, that by fo doing they materially intercept 
the fap; and lalily (which I conceive to be no extravagant co^ 
jedure) that if they did, yet as far as the cellalar'texture^ 
the draw is concerned in conveying it, the interception com 
onl^ be very partial*—Taking all thefe refledions togethei^ 
I think 1 was grounded in entertaimiig doubts of the true 
having been exhibited, as is fet forth in this pamphlet, 

p. 13, 


humble qpm 
of lali #r. 
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p, I3t (or 22S Journal.) Where, tlie prefident fays, V though 
enquiry was made during the laft aulumtx, no inforxna* 
tion of importance relative to the origin or the progrefs of the 
Mig/U could be obtained ! this is not to be won(tered.at, for as 
no one of the perfons applied to had any knowledge of the 
real cauje of the malady, none of them could diredt their 
curiofity to the real channel. Now that its nature and ^t^e 
have been explained, we may reafonably expedt that a few 
,3 cars will produce an interefting culledion of fa£ts and ob« 
fervations, and we may hope tliat fome progrefs will be made 
towards (he very defirable attainment of either a preventive 
or a cure.” page 14 . 

Having thus advanced in the examination as far as the Counti7 names 
feafon would afford, I thought it \vouId be beft to afeertain in *^‘^^****^ 
the county in which 1 happened to be placed, the terms 
tintirely overlooked in the pamphlet) there applied to (he 
different difeafes of corn; and here it foon appeared that the 
terms are not univerfaL 


The firff blight (for there are many) is that early appear-Firft blight; or 
ance of inlirely decayed ears, of plants apparently in a W 

healthy Hate, but which, in the embrio which lays within the grain is turned 
upper Ihealh, before the ear is develtoped, has turned to a powder, 
brown puce-coloured powder. This by fome has been fuppofed 
tf> 01 iginate from defective feed, but furely improperly ; for 
ninny of thefc ears are found to be the (inefl and largefi in the 
field in thoir embrio ftate; and to me it Teems evident, that 
they are imperfect from a really defective parturition, owing 
tolume accideiplal circumllance; orpoflSbly (fordhey generally 
Aaitd below the others) from the want of fun to unclofe the 
upper diealh at a critical moment. 

Tiiefe ears are alfo in general found to be crooked at the The can ire 
root of the ear ftalk, owing to the effort to raife the ear acting 
within the (heath on a decayed and mouldy ear; bi^t it appears 
that they are all at length eje£led from the fh^th, and the 
brown duff blown compleatly aw^ay, fo that the ffalk at laff 
remains wi^outa finglegrain on it, (landing up like a bare and 
barren pole. In this manner many ears at firff perifh, but the 
quantity is ieldom any objefl to the farmer. 

Of the puce-coloured powder a quantity was collected; it Appearance of 
had no fmell, tut felt foft to the touch, like whiting, though ^ 

more greafy. An attempt was made to innoculate a number inXedtion* 

L 2 of 
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of other found ears wilh it; by rubbing it on (he lesves, by 
giving friAion to the firaw itfeif with it, by infcrting iVinto 
(be eari, by idacing it beneath the (heaths, and laiHy, by in¬ 
troducing il Into the^phb of feverai Araws,<*-^ach of thde in 
wet and dry weather, but nothing took any effed. It fell 
The firil blight hamilers-but one difcc^ry arofe from examining the ears 
^»"aui Mtw- produced, viz. that com k dipable of being 

nai cAufe. completely blighted without any external dilea^ or applica* 
iion. For all the firaws witliout bicmifli as well as the 
leaves, and confeqimidy we have no occafion to recur to 
external oaufes for this interna! decompoiition. 

Wheat in this Rate I drew very accurately, and fent fpeci- 
mens of it to town In this condition to Mr. Nicholfon; and 
thus ended the hfd blight ah it is called in Somerfetthire, but 
whidh might pofSbly be with more propriety termed the 
vdidew^ 


Second difeafe. 
Smut. Full 

y a jivk 
nowderdf 4 

aihy 


Mechanical in« 

jury did not 

pcoducc this 
difeafe. 


Ibe next difeafe appears in thofe ears which ftand ere A and 
flaring, indicating their lightnefs by their attitude. AUhou^ 
on gathering they appear foil of Ccafti, they turn out in effidl 
to be fall of a dhrk powder tbal tiad'the fmell of fiale lobfle^ 
or (hrlmps, when preffed between the Angers. This powder 
on examination by (he (nicrofeope (hews fome faccharine con¬ 
cretions among it, but it has none of the aAual properties of 
wheat. Upon cajrefully examining tbefe grains the outer (kin 
was difeovered to be sntir^, unperforated, petfeSil^ green, aiid 
perfeBly fuU flrange to tell, if il be not really (he work 

of infeAs, 0^ balF of an ear was often found to be thus 
fluutty while the other hidf was (bund. 

Among other iConjeAufes, it was (bought that this fmutty 
difeafe might arife from the juices of the flraw being inter¬ 
cepted by accidents. In order therefore to try what could be 
efibAed by injuries done to the Tap, f bound fome ears, 
wounded others by preflbre, divided fome with a knife near 
the flem, marking each by cutting off the beards with fciffiirs; 
yeti never found any foch effcA produced, as mther fmut, 
or even decay, and afl the ears thus Injured ci^ very well to 
maturity, ^erewere real injuries, and oomlhitted at a time, 
(June] when the ears were b\ no means for advanced, and 
(bis led me flill lefs to expeA any great efleA from a little 

S iarUal mofs adhering to the flem^ foe accidenUl efleAs of the 
eafob at a later period. 

8 


At 
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Atbngthon the ift of Augu/h 1 &win a low fielA Ibe Third 
firft appeacance of jellow ruft> but colleftod one with 
ficulty; and now I found that it was univorfaUy agreed by ouf 
fermeri, that this fungus, as our plate defcril^ it, was con* 

£dered as the effect of fogs or great humidity^ wbicb 
attacks the leaf or (heath of the flraw, but uhimately p<wa« 
trates, and vegetates on the upper joint of the draw itfelf^ 
where it is uncovered juA before the corn is ripe, fo that what 
our plate exhibits is by all aj^eed to be called the in all 
Aages; but that the ruA caufes the iatUr Uiglu, or ears with 
Airivelied grains does not teem to be fo generally agreed- 

To prevent the our ianners Aeep their wheat inThe procefs of 

fait water, in order to feparate the found grains from the light or 
blighted better than byfrelh water, bacaui'e fait water natuaally the heavieft ter 
doats all but the heavieA. In the VentCkm date 1 remeiebm^^* 
they added faltpetre to the Aeep on (be feme principle, a very 
liAerent fyAem horn (hat of Sirjofeph, who recommends', I 
ry dangeroufly, the u4e even of tailings as feed;* and 
«b mere hot hottfeexperieiscej. fee p« 25 (or 252 Journal.} 

An old and good former * laA year at W^orty bought good smutty grain 
wheat for feed becaufe his own was fmuttyy but not having J®^**^®** 
quite enough, he fowed about three pecks of his own Imatty yet fome fuc* 





Qoa 
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of (hat which was bought as the bed ; yet this does not con¬ 
firm the dodrinf-, I think* 

Having thus afcertained what is called, the early bli^ op 
miUtw, togmber with liuK which fonows» and is known by the 
term /im^, and al(b tbedifeafo wbidi comes next, and being 
Amtlar to Sir Jofeph’s Banks’s plaile, is called and laAly blight; or 

foe latter bUghi which is feen in merely ftrivdied graiusb 
grains imperfectly npened;^! diaU now proceed to the Ipeci* 
mens which { gathered in all the Antes, made drawings of 
theio, and AUl retain in the ear hhnfhd witbgteaf care» as 
proofs of whi^ is here advanced; aftw which I foaU wake 
foftie deduSions*. 

On July, 1805* I beganmy eolle£^ion r and No* 1 . Acmunts of 

^tain* li«iWiy«By, < lewi tooulward appearance, tbelowoft ^!I*2?"g*?hen:4 
leaf a fpecfc or two of fai^us« Second jtwt Aom foe heed a j^thii enquiry. 
IHlfo Kddiiu' NofalifoniM the cane* ^ 

« Mn OaMey oT Wefton>Supra*Maro. 

No. 2. 
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Acmntsof No. 2- Much di^fed bloom or mould under tho 

^c*™gatWcd »n other refpc^ta the ftraw quite ^ 

lA this enquiry, healthy and found as Nb. I. 

No, 3. Entirely dlfeafed^ yet every grain full.and of its 
proper fise-^fome grams evidently opened at their tides by 
feme'fmall infe€t. The outfide of this ear quite green end 
healthy, not eveO' a fpot,' fmell of the ear very fifhy, not 
wanting one grain. Thb head italic' not even waved at the 
car, root intire, upper ftalk a little yellow. 

No, 4, A healthy ear'of the bekrded, thirteen rows of grains, 
ilraw mouldy under the fheath, and at joints, yet found, lais 
or tipper joint green. 

No. 5. Ajtother nearly lltnilar. 

No* 6. A double ftraw to one root, both ears perfefl, both 
llraight at'head Aalk, both difeafed* yet full and plump; 
fome grains found yet green, and clofo to a black one; a rtclx 
golden coloured mofs or duA at the back oi the green coat, 
yet the grain coat perfeSly green and uninjured, while 
grain was compleatly full of the black hAij-finelling blight 
xnAead of flour. Straws green at the top and quile'heallhy 
throughout. 

No. 7* A Araw that having been blighted in the (lieath by 
the early blight, had thrown off all its brown duA, and grown 
to a Arong Araw; The Ikeleton of the ear only remaining, 
very crooked near the ear; The upper Aalk evidently by its 
purple Aripes difeafed under the *kin, yet no mofk or fungus 
protruded on the cane; Aripping back the fir A leaf from the 
head, 1 found the powder from the ear had adhered to the 
Araw under the Aieatb, and that’ it was mouldy: The fecottd 
joint quite healthy under the leaf, but with the ted ^nd pilrple 
Areaks where uncovered to the light: The third joint the 
fame: The fheath leaves Ihemfelveshealthy.' 

No. 8. Spotted ear externally, found Araw,' yet having 
black duft at the joints, in this ear 1 found a magght about the 
30tb part of an inch long, of the exa£l yellow of the pbwdet 
fo\ind behind the difeafed grains, (that powdelr inay'be^hts 
excrement) via. orange yellow, his form refeoibled the maggot 
of nuts,tJived an hour on the'table* '' 

No. 9. Difeafed ear, grains all blighted, yet.ioo yellow 
powder under the fheaths of the grwns, Araw healthy, car 
fffoy fmell* 

No. l<>. 


at 
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No* 10* Ditto with an infeft very active in the ear, yellow^ 
fee drawing A B. Fig. I. Plate IX. 

No. 11. Two perfefily healthy ears from the fame root» 
both healthy throughout, yet on the leaf a fpeck or two of 
Sir Jofeph’s fungus was originatedi and well grown: it was 
of the orange colour. 

No. 12 . An ear iaft ripening, folid in the grain, yet had 
loft its firfi fix lower grains, laft joint green, beards yellow, a 
few fpots on the (Iieath of the grain, feemingly occafioned 
by a fmall black By found in it. 

O^/ervaiions made on the fitme Day on Grains. 

Difeafed grains were always found to be full and plump with- Dlfeaffed gralas 
out any aperture j the fine Ikin that holds the flour very green, ^*®*'*^®^* 
yet all black within; the external furface of the black matter 
covered with a white concretion, perhaps tllie faocharine 
matter of the wheat. Sound grains found in difeafed ears, 

^11 the difeafed ears fmelt fifhy. 

Ohjervations made on the Siranf. 

The difeafe always attacks the portion of the draw that Difeafed ftraw. 
peeps beyond the flieath leaf near the joint, and evidently 
commences at the |)ores, as old draws will (liew; but the 
fungus cannot, I think, be the caufe of the difeafe; becaufc 
where no flmgi have taken root, the corn is compleatly cor* 
rupted. fungi grow it is true, fafleft on difeafed ears, 

|}i'obably becaufe when the ear is difeafed it draws lefs humi¬ 
dity from the draw, fo (hat the difeafed ears Teem to alfld the 
growth of the fungi, not the fungi the difeafe. In fa6i, I 
believe they live on the fuperfluous moifiure of the draw, or 
returning fap. 

On the 27 th July lad, 1805 . I examiped at lead twenty BliAted ears, 
blighted ears of corn, and could only find one apiong Ikem 
that had the fmalled degree of rvfi, and th^t only a fpeck ^ * 

or two on the lower leaf that flieaths the third joint. The 
fpoU were orange colour and deep purple, apd did not occupy, 
half the diameter of a fpace of ^tbree incites long. 

Upon ^ain examining mmy healthy plants 1 found not K^thy plants 
pnly their ()^ath leayes, ^t even the dravy eaten away 
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p>me ^iuLM ib«.fwn«.iinte di(«o^«4^«bttBdii^-«fil^ 
green locufi like infect on t(teeus:«f’wbi^. fea Ibe'megniM 

defign, ■' 

Inneuiited ^ome piaatk^t| 4>{^:lete^ innopulated v^e :||il] fowndt 

& *>M>er».ll«a I ^ iB.lbe:npj»c joint tower} 

by violence, uo alteration, Iwt in all rc^£ls irerembled Uteaaofi htaiihye 

?S.niS „4» ».»«.■ W; i •»<•>_ • •/ M'-» 

which hav.'the Wwpp, memt the wheat hiM a generu good at|HBnj and 
ftrjw aad the ii^e£ied^aod iabeUed, of ears^ green'yet full.' * 

grajnnotmthe ’ ‘ ‘ « j ' • vt r • ■ * 

Umc (healthy or ^0* 1 • Sound ws With difeafed ^rawa. 

aifeafed) ftatc. I^o. 2. Compleatly itnutty ears with fouid ftraws in every 

jefped. . V ‘ ‘ " 

No*. 3* '4 fmuttjr anda found ear from the fame rooi. The 
found ear bod a fpeck of fiu)ga&. 

No. 4v E^t WiUi crooilf^ed olliers twifieU by (p^r«; 

others with prooked beards, ^lort Halks and long; yettf|p^Oi 

them fulUf grain, greed and . V 

No. 5. Ears half fmuUy, vii^ on o^ $de all ^e way ' 

No. 6. Ears half togged, (togged means here thofe ^ 
ihew only the &ele(en of the ear and the crooked upffer 
tolk froih early bliglif, all but the bare poles being blown 
away) thefe ears were half Ragged aiid half colored with 

■ » » * 4 • ■ ' . I . ' 

grams. 

No. 7. Bare Jt^ggs, but with c^uite fine found flravv. 

Other inftanccs Laflly • in 4ugofi and September, 1S05, at Allcombc near 

of found whrat i » * tT ^ ‘4- • . «i 

withrufty ^ colmaed out of a field juft reaped, two bundles 

' which with alf the others I fiiiriceep as proof^s of my affer- 
tions: One all of foand wJbeal with ail their upper fialks 
vciyr much covered with the full of Sir Jofeph Batik’ji deferip^ 
tton, and the other ail of black and flirivelled ears, yet all 
ibund ill the upper ftalk. ’ * * ' 

Thefe latter mentioned ilalks, ihinip,. throw great light on 
my ultimate conjedures drawn, from every ob&rvation through 
the whole feafon; viz. they piefcnt flirivelled, blighted grains, 
and exhibit (hort ears, becaofe on examindtiou ibey were 

eat: fcMT all 


and ihrivelicd 
wheat With 
Sound /Iraw. 


The Anvelled 
corn was ney'j 

fairly lipeavi- 



e%*idently neyer fuffipihnily expofed (o lt_ 
their Araws though clean were, green, not'yellQW as thofe 
of ripe wheat oughts to be^ and their fmoaky raiiembtp ap¬ 
pearance (not having kaA'fmelt tha fiilhy^jfmutV) could 
vmly arife from their humble lltuation below tffd'owef ears, 
y^bere air, fun, and light was deficient; in lafil, they never 
ripened properly. The Araw remained green, and ihe Tap 

• probably 
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retojRned intbad of being- iafeercepied by* (he dr^ng 

the upper joint;. and to me it Qow appears to be a &fr 

oonje^urei that wliat generally odled* blighted corn* orWhatls cillcl 

thofia ears (hat produce fa many and ^^”0111 

we are called upon to feek a reipedy far^ U nothing more than prematuidy 

4 hee^bfi of a prance of late much recommended, vie. 

’ avanct or i^no** 

eeop ear^, a plaice notonly promoted by theulfiUsr, who Usance* 
eager for the new corn tp conre to market, but by the avarice 
of the Fun^t who feap letting H^bpd top long the 
grain may fall in price, and reduce bis profits; and, what is 
^ili more unfortunate, by fpme agricultural writers of great 
reputatpm, who recommend it ns Aopping the prpgrels of 


(he rull,, iorgetting th^l t|ie fun only cs^n eifedualiy deftroy 
that fuppofed evil, by well drying the (lraw« 

far be it from the writer of thefe few remains tp difoourage^t Is often sd- 
any attempt at faving in a remarkably wet feafon, or in 
parkably wet fituations, .yfhnni that has patled the period 
ttfually productive o[ rjpe cprn. kje knows that in cafes of 
Imd-wheat infhady fitoations,, by reaping it early, we may 
accelerate the ripening of that which otherwife would not have 
lipened at all, by (he operation of turning and cxpofing the 
feeaves to the fun, and fo make good faying crops; but what 
he wilhes to guard again(t is, that eagernefs for putting in the 
ficjcle originating in the motives before alledged; for, reafon-Argument 
ing from analogy do we not always find, that in*all other feeds 
that are to be galheredi thofe alone are plump, found, and 
full of their proper flour, that are fuffered to tpceivd|the utmofl 
influence of the fun while on the fialtc; and he always thought 
many years ago, (hat we were in the habit of being too fearful 
of the latter feafons; it is true that late harvelts aite expenfive 
in coll^ing, but they are generally weH malured, and' the 
infiance of fetrfey that may be well faved (for cpiour can have ^ 
btia todo wkb'the intrinfic Vabe of grain) evert as lateaa 
proves the juflice of tiie obfe^ation; fruit gather- 
^ too feon, (Urappoinls sU yiev^ of profit or pleafure, and 
ii9i|^» Wricks, as wdiiattribiito tbeflifiveUing of ouc 
kpples barfy gathered ii the iafittence of the apple-tree mofs, ^ 
the ov |^t» of wbpat to a fuppofed blight y 

^ighmttag^^,tlio funjpsfei, that have of late fomtmb alarnsedy 
the tbeeroMca^ agricidluiiftsi and oaconoiaiils of our day. 

Oii^ 
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COUNT RUMrORD*ll EXVERIMXKTS 

On Ihefafis expofed I could greatly enlarge, bull tbinl; 
on all accounts it is beft at prefent to ofier them in their 
prefent form tQ the reafoning faculties of your readers. At 
any rate they may ferve as data, and if they (hould fail to 
bring others to piy opinion, may a£f, I truii, as ufeful flimu* 
lants to the further inveittgalion of a very curious fubje£t of 
enquiry, as to what are the nature of the etmta\es to the per* 
fcdion of^our wheat barveft. 

With refpe^ and edeem, 

I am, Sitf 

ITour moil obedient humble Servant, 

G. CUMBERLAND, 


The vicinity of -P* ^ Ought to obfervc^ that on the grains of wheaf'lmrit 

ibc barberry does near the barberry, I had no opportunity of making obfeHNA 
nntfeem to jions; but that I have a dried root of wheat now by me,^ 

which there are above 100 draws that are all clean and fot 

• * t 

though it grew a few years ago in a garden where barberry 
budics were. ***- 

s 




Experimtfntal Invejtigatitms concerning Heat. By Benjamin 

Count of Rum pond, r^F.B.S. ^c, 

• * 

(Concluded from Page 75.} 


.Objefl: «f 

.rur 5 t’ 
ofihfi pr 
tion of hd 
fulids. 


Sect. III. Experiments terttUng tojhetv that Heat is communis 
cated through folid Bodiest by a Law which is the Jhme at (htA 
which would enfue from Radiation between the PartidieSm 

\ > i ■ ■ if ' 

\ji i^AVING made a confiderable number of experhnents on 
laws the paffage of heat through fluids, and through difierenl fub- 
dances in the dale of powder, I was curious to afeertain the 
laws of its {Iropagation through folid bodies, pitrtfcularty me« 
tals, ’ * 

1 hoped this difeovery would fitrniil) fome g^itional data, 
coiidnn or refute the opinions I had adopts concerning heat 
a id its manner of ading; and it will be feen by the refults, 
^t my expedations were not fru^rated* 

Having 
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HftVmg procured two cylindrical vcflcTs of tin, each' fixOcfeript^n of 

fhcbes in diameter and fix inches hi^h, I faftened them ^og®“TJocynrdiical 

ihcr by rOieans of a (olid cylinder of copper fix inches long andtinTcfleh v^cre 

an inch and half in diameter, which was fixed horizontally be-■* 

. * bar 01 copper. 

tiveen the two tin veflcls. The extremities of the cylinder •• 
pafTed through two holes an inch and half in diameteri made 
for the purpofe in the fides of the vefTels, midway between the 
bottom and top, and were foldered faft in them. 

Each of the velTels was made fiat oh the fide where the cop* 
per cylinder was faftened, fo that the extremity of theoylinder 
did not projefl into the veffel, but was level with the flattened 
part. 

This inftrutpent was fupported at the height of eight inches 

and half above the table oh wliich it flood, by means of three 

feet, two fixed to one of the veflels, and one to the other. 

One of lliefe veflels being filled with boiling vyater, the otherxiicvcfTds fillca 

with water at the freezing point; as the two extremities ot 

cylinder were placed in immediate; contaft wdtli thefe twOyOicr at 32 **, 

mafles of fluid, a change of temperature muft neceflarily take 

place by degrees in all the interior parts of the cylinder. For 

the purpofe of obferving this change, three vertical holes w'ercThr ch.mj^es 

made in the cylinder, into which were introduced the bulbs of 

t' \ * thermometers xZ 

three fmall mercurial thermometers. One of toe holes was ineijuai diftanr-.. 

the middle of the cylinder; the others midway between the 

centre and either extremity. 

Each of thefe holes is four lines in digmeter, and eleven 

I 

lines and half deep; fo that the bulbs of the thermometers, 
which are three lines in diameter, were all in the axis of the 
cylinder. 

V/hen the thermometers were pul in their places, (he holes 

were filled with niercury, in order to facilitate the communi* 

cation of heat frdm the metal to the bulb of the thermometer. . 

To keep the hot water conflantly boiling, a fpirit lamp wasTIic^ne water . 

placed beneath the veflid containing it; and to keep the 

water conflantly at (he temperature of melting ice, frelh por-*th« c4d”by*'* 

tions of ice were added to it from time to time. adjicvif of ice. 

The thermometers r*e graduated to Fahrenheit's fcale, the 

freezing point being marked 32^, and that of boiling water ■ 

212 *’. . . ' / 

As the firft and moft important objeAI had in view was, tc/Thc thcmiomr. 

karn at what temperature the three tiiermometcrs would 

‘ tnr^rly fta- 

COmc tionarj^ 
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come natt<Niary, I did not very careTolIy notice the ptsof^fa 
of ilie thermoiueters toward this poinii but ac foon as they ap« 
peared nearly, ftationary, I obTerved them widx tliegreateftau 
tentioa for near half an hour. 

The thermome* To diftinguifil the tbree thermometers I (ball call that neareft 
tcrs d4ingujih- xbo boi]in|( water that ic^the centre C, and liiat aearefl the 
***• coldVater D. 

y^perimcAt* following are the progrefs and refidU of an experimcmt 

made the -Stidi of April# IS^ thatemperatose of the air being 
yav of Fahrenbeitt 


4 

Ifmtn 

Tsiq|era- 
ture of the 
hot wstcr« 

1 

1 

Tempsrer I 
ture mftrkod 
by the ther^ 
mogneter 9* 

Tempera- 
cure marked 
by the dier- 
mometer C. 

i 

Tempera¬ 
ture marlced 
by the ther¬ 
mometer D. 

Tempera- 
atun uf the 
cold water. 

Tabulated re* ** 

Defisej, 

Dferses. 

IXatrM(. 

Degrees. 

Dearest 

fults. * 52 } 5 

213 

m 1 

130 

105 

- 32 

— dSi 30 

TSP* 

J6Q* . 

13t 

105i 

— 

— 55 


161 1 

ISif 

106' 

— 

-^56 30 

— 

l6Jf 

132 

ro6f 

_ 

— 58 

—r 

J«2 

I32i 

107 


2 0 0 


162 

13'2| 

107^ 

— 

~ J 30 

• 

m , 

133 

J07| 

. _ 

- ^ 


162 

132^ 

10o| 

— 

— 6 

— 

162 

132 

1 

106 


— Q 


162 

' I32| 

106| 

_, 

— 11 


162 

132^ 

I 1061 


-4-28 ' 


162 

132| 


— 


yvcc'>iint of the Bt^fore I prbceedto exaipi^ mpre mmutcly Ihe refults of this 
T fuits that experiment, I will endeavour to (how thofe refulis which it 

Uvf^the hyto- ^8*'* cxliibitfed, on the ruppofiiion that heat k propa- 

rhcfit of heat gatcd^ even ip the interior of felid bodiesji by rodeptions emaf 

ti^rougTKtfw'* fro® IN furface^ pf the partidpa coiqpo^ng ijipfa 

^hy. radiatto^ bodlOS* 

^ ^ foppofition we ro^ft tieceflTarily conltdeethe particles 

Th« paries of that compofo bodtes eaQh^k&‘, and even 

d^ft* ^Tf^'^' pretty confidemida diftanpet compared wHh: tiho diameteft 

cachoth^' ihcfe particles; bat there is nothipg repugnant to the ads 

railTton of this fuppo^tioft; Op the «pntf!pr)^ tlwu ^remany 
^^henomena which apparently indicate that all Um htodiea 

\vith whidt we are acquAtpthd are tiius formed. 

i Ta 




t A* 
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fcc tww by wbat law heat would be propagated ifi si foKd *be foiid cy- 
oylindcTp let as reprefent tbe aaii of IhU cylinder by a right tquf-diff 
line A E, VIL fig^ 1; (fee oUf left nnniber) atid tel vs ymidcs^ 
begin with fuppofing that tlie cylmder-confifts of three partides 
of matter only, A C E, placed at equal diflances in that line. 

Let BR farther fappofcp ihat the extremity Aof the cylinder the 
IS conftaiHiy at the temperature of boiling water, white 
other extremity, E, remains invariably at the freezing point, frecsing tem* 
By an experiment, of which I have aliwady given-an ac-P*™*“*'*=*‘ 
count to the clafs*, I found that when two equal bodies, A B, ]jg particle” *** 
one hotter than the other, aie Mbiated and placed oppofile have the 
each other, the intenfities of their radiations hre fuch, that a . 

third body, C, placed in the middle of the fpace tlitet fe^arates A body midway 
them, will acquire a temperature by the fimultaneous aflion 
of thefe radiations, vdiich will be an arithmetical mean be- the mean heat 
tween Ihofe of (he two bodies A and B. . ladiation, 


From the refult of this experiment we have ground to con¬ 
clude, that if the cylinder were compofed of three partides 
of matter only. A, C, E, tlie particle C, which is in the mid¬ 
dle of the cylinder, mud necefFarily have the artlhmeHcal 
mean temperature between that of A and that of £, which 
are at the two extremities of* the cylinder; that is to lay, be¬ 
tween 212® and 32 ® of Fahrenheit, which is 122®. 


Now let us interpofe between the particles A, C, and £, Suppofetwo 
two other particles B D, and iee whether the introdudion of j 

thele two particles will make any change in the temperature 
of the particle C that occupies the middle of the cylinder. 

If the particle B be placed in the middle of the fpace com- Thefe would 

prifed between the extremity A of the cylinder and its middle, 

^ ^ t t f temper- 

C, it ought to acquire a mean temperature between that of the ature bctwci^a 

extremity A of the cylinder, and that of the point C, namely ^1**- middle par- 

(hat of 167 ^, the mean between 212® and 122®; and if the 

particle D be placed in the midft of the fpace comprifed be- 

tween the middle of the cylinder and its other extremity, E, . 

this particle ought to acquire a mean temperature between j 

that of the middle of the cylinder and that of its extremity £; 

it ought then to have lb ^ temperature of 77 ®. ^ 

From this new arrangeoimit; the particle C, fitoate in 
middle of the cylinder, will find for its neighbours on one fide^;er the tem- 



See eur loamal, IX» 
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the particle at theienaperature 167^, and on tbo other 

the particle D« at that of 77^« The point in queiiion i$t wli^ 

tber the prefence of* tbede two partieijss wiU make any change 

in the temperature of the particle C, or not* 

that mlJdle In the hrft place it is evident, that if the calorific influences 

pjitjcic. Qp particle B on the particle C be Us efficacious in heating 

it* ag the frigorific influences of the, particle D be in cooling it. 

the temperature of the particle C ought not to be changed. 

Butexperience has (hewn, tliat, at equal diliances and equa) 

intervds of temperature* the calorific influences of hot bodies^ 

and, the frigorific influences, of cold .bodies* are exafily equal; 

and as thediflsqico from B to C is equal to the diflancefrom D 

to C» while the interval of temperature.between Band Cs 

]$ fhektne as that between p.andC=s45^; it is,evident 

that the temperature of the particle C» which is in the middle 

« iof the cylinder* can be no way afle^led bydhe introduflion 

of the intermediate particles B and D. 

And by the fame , By the fame way of reafonitig may be proved* thai^ 

rcafon it would troduflion of an indefinite number of intermediate 
not be changed tit . ‘ . 'A , 

by other part!- would pfoduce HO change in the temperature of the of 

cles imerpol'cd. the axis of the cylinder, or in any part of it; and if the ihtro- 

duiElton of an indefinite number of intermediate particles make 

no change in the flate of a thermometer placed in the middle 

of the axis of the cylinder, we may conclude that the thcr* 

niometer would remain equally flationary, if the number of 

intermediate particles were increaled till they had that proxi* 

mity to each other which isneceflary to conflitute a Iblid body. 

If, inftead of a fiogle row of particles in a right line* there 

were a bundle compofedof an indefinite number of fuch rows 

placed fide by fide, forming a foiid cylinder, the temperature 

inilie. dilferent parts of the line A £ would remain the fame. 

But the temper. From this reafoning we may infer, that the temperatures of 

the diflerent parts of the cylinder fliould decreafe in arithroeti* 

cal progreflion from one extremity of the cylinder to the other. 

from one barti- jjuj jg evident* that Ibis law of decrement of temperature 

ai^it‘nm«i*fcro" could take place only in the Angle cafe of the furface of the 
gfcffion, ^ ^ cylinder being completely ifolated* fo as lobe no way aflefied 
^^y^whendL aftton of furrounding bodies* which is abfoltttely im- 

Jolid U jemoL^^pofiible, 

from other » circumftances under which the experiments wefe made 
bodies. ’ ' W - ^ 

Cuicxpcnmenrsye very different from ihofe here taken , for granted. The 

arcJvvajs ' bodicS 




ON NEAT AN9 tlOHT* 


' 159 


bodies we fubjed (o experiment are conAantly furrounded on 
all (ides by (he air and other bodies which aA on air indtumenta 
conlinuallyf and often in a very perceptible manner; and we 
can never hope to ifolatea cylinder fo completely that theap-^ 
parent progrefs of heat in its interior (hall perceptibly obey the 
law wehavejuddifcovered* In common cafes it deviates wide¬ 
ly from this law. 

As the caufes of this deviation are well known, we will fee Appreciation oF 
whether there be no means of appreciating their effeAs. tbceffea. 

. The furface of the cylinder being furrounded by the atmofl a^ofpbcre 
pheric air and other bodiesj alt which are of a known and fen- cylinder^ 
iibly conliant temperature, we may determine the comparative 
cffeAs of thefe bodies on the different parts of the furface of 
the cylinder. 

In thofe parts of the cylinder whidi are hotter than the air ——'by cooling 
and other furrounding bodies* the furface of the cylinder will 
be cooled by the aAion of thefe bodies; but if one of the ex- part* 
tremities of the cylinder be colder than the atmofpheric air, 
ihofe parts of the cylinder which are colder than the circum¬ 
ambient fluid will be heated b) its influence and that of the fur¬ 
rounding bodies. 

We will begin with examining the cafe where the coldeft cxtrc- 
extremity of the cylinder at the lame temperature as the fur- be'fc^hc tem- 
rounding air. Let us fu[)pofe then, that the experiment with perature of the 
boiling water at the one enfl and freezing at the other be made 
wlien the temperature of the air is at the freezing point, or 32*^ 
of Fahrenheit. 

in this cafe it h evident that the furface of the cylinder muH-the furface 

every where be cooled by the influence of the furrounding at- 
snofphere. The queflion then is to determine the comparative 
effeAs, or the relative quantities of refrigeration or iofsof heat* 
that muff take place in the different parts of the cylinder: and in 
the flrff place it is clear, that the hotter a given part of the cy¬ 
linder is, the more heat it muff lofe in a given time, by the in- 
%ence of the furrounding cold bodies; whence we may con- ^but fo 
that the refrigeration of ihe furface of the cylinder by ^ 

.the influence of ^be air ".nd other furrounding cold bodies muff 
neceflarily.diminiffi from the extremity of the cylinder A, which 
is in contaA with, the hot water* to its extretnity £* which is ; 
in conlaA widi the cold* f 

From^ 



l» 


'lyi^ ' tovuT kiw 

‘Hie charts !s From rea&ning vrhUA i^^pean incdntnmtrtible, and 

to the diftrence wsfiJtS'of » g«s»t ttWflfber 6f expofiiiHmts appniir toisondmiv 
«f temperature, i* has becstt dwriid d^ d ><!» the celerity vHth ayhiefa a hot bod; 

pbeed ^A.d^odMi4iBd^titilia cooled, is always {nroportional to 
the differetite the ted^perature of the hotbbdyand 

that of tbe m t dtd du Cm^deriag this conclufion as etiabtiOied, 
we may determine u priori what ought to be the gradation of 
tempetatwes iatim imerior of a given folid cylinder furrounded 
by air^ one«aaii«ai|l!y of whbih is in contad with a confidera^ 
b(e.body of boiBag water, whde the Other is fimilarly in con« 
tafiwiA coldi . 

We have tf the farfime of the cytbfder were pm 

fieAly iMiMl,’eba4ecreife of tetepevalure from the botteft 
extremity of IhecyDtsder A to its other extremity £, which is 
in contaift whiled Water wetlM be fa arithmetical pr&grejion, 
and h hat juilbeea (liewn, diat -fte decreafe muft neceflkrily 
be accelerated by tiW adfoil Of ^ air and other 
coldixxiiea. 

But the ecederatiotti of the deoreafe of te»]Us 
parts of thecyltnder wMbheretoward'thecoid 
pending on the afiion of the air and furroundi 
be continually diminilbuig in proportion as tbh (emperatui 
the fnrfatte of the cylinder approaches nearer and nearer 
of the air; andbence weaiay conclude, that if a given ntrni* 
ber of points at equal dilfances from each other, be taken in 
the axis of (be cylinder, tlie temperatures emrefponding with 
thefe points will be in geometricalprogre^on^. 

We may reprefent the progrefii of the decreafe of temper¬ 
ature by f'/f * 2. PL VII. 

In a right Kne A £, reiH’eretiting the axis of the cyHader, if 
we take the three points B, C and D, fo that the diltanoes 
ABjiBC,CD, emd D£ (hall be equal; and, ereAtng.tbd 
perpendRculars A F, B G, C H, D1, E K, take A Fsa the tem¬ 
perature of the cylinder at its extremity A, BGaits tem* 
perature at 4he p^nl B, and fo of the refl; the ordinates A l>, 
B G, &c. wfll be in geometrical progreffion, wfnie their 
responding abTcHIbs are in arithmetical progreffion; cos^ 
qaently the curve PQ, whiefa fouebes the extremilhes 
thefe ordinatesmufi neceBarily be fhe hgariiimiic curve. 

We will now fee, whether the refuhs of exphrifluesil agree 
ths theory witi thcory here exhibited or not, 

we cxperjfl^ •* 



Whenae d» 
temperttuees 
will be in |e* 
ometrical pro- 
gtciTion, 


^and may he 
reprrfented by 
che logarithmic 
curve. 

Figure eoe/ 
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To f(^m oaf judgment with eirfe« and as it ware aC a ^fiagle 
plance, of the agreement of our thiefHrjr.with tfaerefults of the 
experiment, of which Lgave an acbdl^ht at the beginning ^ . 
this memoir^ we liate only to repreteHt tbfcfe rafulU by a 
gure ttt^he following manner. 

On Ibe horizontal line A E, reprefenting the axi# of^nlb^iftion of 

the cylinder employed in the experiment, we wlH take three 
points, !b, C and D;' one^:tC, in the middle^df the axiS| bei^g and its ordtnateo 
the fixation of the central ihcrmomeler, ttKr4>Uier two, B and 
D, at the intermediate ,points which the ather*^fwo thermos ed. 
meters occupied between the middle of the axis and Its two 
extremities. v' '.v' 

Ereaing the perpendicidars A/, Bg* GA; D<, and oo 
the points A, B, C, D and E; and taking the ordinate A/= 

212, the temperature of boiling water; BgsslOS, (he tern- 
peratureindicated by the tbei^meter B; C 1the tein« 
perature indicated by the thermcfmeter C; DisslOdf, the 
temperature given by the thermometer D; and laflly, EA= 
the temperaCure of water mixed with pounded ice; a 
curve, P^Q, pading through the points/, g, A, i, k, ought to be 
the logarithmic; timt is, fuppofingthe temperature of the fur* 
rounding air tobecondantly at (he temperature of melting ice 
during Ae experiment. 

But the experiment in qucRIon was made wdien the temper- The curve has s 
ature of the air was at7S® F. confequently, reckoning from l*'**^' 
a certain point, taken in the length of the cylinder, where the ^ 
temperature w^as at 78^, to the extremity E, the induehce of 
(he furrounding air, inflead Of coolir^ the furface of the cy¬ 


linder, heatedii; and it is evident, (hat the curve PQ muR 
neceflarily in (his cafe have a point of inflexion. 

In ik6t U appears od a fimplO infpedlion of the hgCre, that It h nkewlfc 
the carvtf P Q has a point of inflexion; but w€ fee Ufeewife, 
that this curve is not regular. That branch which is concave 
toward the ctxisof the cylinder is not fimilar to (he adjoining 
portion of tbecnfve, of equal len^b, \diicb is convex toward 
ttiataxis; as k^ooghk to be according to our theory; and even 
tba^mrt ofwl ich is convex toward the axis A £, 
diflT^ fenfl^y’firora thb ^pMdlbn]ti1t^,. patticuiarl^ toward its 
extremi^Pl ^ ^ ' y* 

It'tM^^hHHxfefiarily tddifier from this curve, as far.as (fte de^ ("he deviation u 
tffions^ our thermometers apis^silrf^ but the deviation he- 

VoL. XII.*-*NoVXMIIBB, 1805. M Iwecn fefts of ther- 

' n^metsn. ^ 
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tween the ordinates A/and Bg, indicated by the refelts of 
the eaperiment in qael^iM, appears to me much loo confide:- ^ 
able to be albHl&ltblbe imperfeSion of our thermometers. 

It differs gieatly To fee how bur Ae^rve P Q differs from the logarithmic, 
hhmic^" we have only to draw n logarithmic curve RS through tlie 
points g and i, and we fluffl find, that the ordinatescorreipond- 
ing to the points .' 

A, B. ■ C. 

Inftead of being 212® 16;^ 132’| 

Will be - jt99.55 162 131 


E. 


D, 

106| 32® 

106f 86.35 


Afcrlbed to 
i^ter being a 
bad condiiAor 
of beatf' 



Difference -; ;-^*2^45 0 —1^ 

The greet difference that exlfts between the temper- 
atureof cold water^ and tb^ indicated by the refalU of tlie 
expertmejit for the ex^reaUy d* ttie cylinder which was in 
contaS with d)ic water, led me to fafpeQ, that it was owin^ 
to the j^uality policed by wathr>4n common with other fluids, 
which renders it a eery ^ndu&or of ktat. 

—and the cur- ^ ^ belicec I have dfewhere proved, that 

rents In cold there is no fenfiblc comElnsnication of heat between the 

particles of a fluid, from one to. another'; and Aat 
propagated through fluids only in confequence of a motj^'df 
their particlesi refulttng from a change in their fpeciticgjRmty, 
occailoned by their being heated or cooled: as the fpecific 
gravity of water is very little altered by an inconffderahle 
change of temperature when this fluid is near the freezing 
point, it might have been fl^refeen, that a folid body a little 
heated, and plunged into cold'water, would be veryflowljr 
cooled. / 

The refuit of the following experiment, which I mode w)th 
a. view to elucidate this ]>oint| WiIl put the k& out of all dpubU 
T3ie three thewnqmeters being ffatioflary, one, B, at 162*, 
water wMbrifle-the. ^feeond, C, at 132|®, and the third, D, at the 

Oi-^rih^cwri waierin contaiS with one of the extremkiei of the cylinder 
were all greatly being Bill boiSogt nvhile, the water mixed with pounded ice, 
Sepreff^. vhich was in munafi with the other extremity,. was conffan^y 
at the lenqveratnmof melting ice, I began 9q^||liif4hU mixto 
of ice and water pciBitiy brifle^: wUh^ trtlle^^, aj^ J c 
tinned to ftir k udhttrru^tedlyii and with tW&^ 
for two and twenty mina^. ^ 

I had fcarcely begun (hb ^pei!ltJ0D, when I had a proof, 

that 


Experiment to 
prove this* 

When the cold 
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lliat my conje^ures were well founded. The mercury in the 
tlTree thermometers immediately began todefem^dj and did not 
flop till it had fallen very confiderably. 

The thermometer B fell from 162® to 152®; C from 132^® 5^**^*^ ^ 
to li 11®; and D from 106}^ to 7Si,®. ^ 

On comparing thefe numbers we find^ that, in confequence 
of the agitation of the cold water for two and twenty minutes^ 
the thermometer B fell 10® of Fahrenheit's fcale, the tbemo- 
iiieter C 21 and the thermometer D 28®. 

As (bon as 1 had ceafed to ftir the cold water, the three 
thermometers began to rifc« and at the .end of a quarter of an 
hour they had all reached the.points ,from ^whicb they fet out 
at the beginning of this operation* 

To facilitate the comparifon.of tberefults of Ihele two ez« Diagram to re« 
perinjcnU, one made with cold water at reft, the other with 
the fame water in a ftate of conflant agitation, I have repre- 
fented'tbem in Fig, 4* 

In the firft place we fhall learn feveral very interefting faSs Obfervations 
by fifnple in^edion of this figure; we fiiall fee, 1ft. that thc|!^^jJ*** 
pregrefs of refrigeration, or, to (peak more properly, the de^ 
creafe qf iemperaiure, was every where much more rapid, when 
the cold water in contad with the extremity of the cylinder E 
was agitated when it was at reft. 

2 diy. That the extremity of the cylinder in confa£l with 
this water was conftant'y near 30® colder in tlie firft cafe than 
in the fecond. 

3dly. We Ihall fee, lhahthe progrefs of refrigeration was 


every where, and in both the experiments, fuch nearly as our 
Iheqry points ouU. 


The of temperature toward the middle of the cy« 

whs lb fepilar^ that it is more than probable tb«^ appa- 
ittE ifregatoties toward the two extremities were occafipopd 
i^y by the diflScuity which a body of water finds in cooitoa* 
nicating Us mesqji ^temperature to a folkb irricii.vdifGh it is in 




!iflhe ^boi^ being b eontbndnotbH ovnog btbv^tttionin. 

4^11iliionie .,it iutiil'n great ndvantMe over the cold water, wbiidt?^^ '-^* **:, 


, tiuM by sgiti^ ^J^i^ng wa 
particularly tnth the quill 


iiri£tio.a 



oifl'ercnce 
between the ex 


Its truth; 


hecaufe the 
fcates of our 
thermometers 
are defeftlve. 
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friflion againft the end of the cylinder immerfed in the bo^ ^ 
ing vi-Rteo I eccfffioned all the ilts^piiicters to rife feverat 
degrees. 

It may perbaps be imagined, at firll (tght of the refultsof 
^rimf nVand^e experiment, that, as the three'lhermomelcrs, which occu- 

^ry con6r-in pied the parts about the middle of the axis of the cylinder, did 
not indicate a decreafe perfectly agreeing with the theory, the 
theory itfelf-cannot be true X but a moment's reflection will 
ftow, that ihisiotWence would be loo liafly, and that the dif¬ 
ference between the theory and the refulis of our experiments, 
far from proving any thing adverfe to the theory, ferve on the 
contrary to rer^der it more probable. 

The refolts of fuch experiments can never agree with the 
theory, except the divifionsof cur ihermomolcrs be perfeftly 
accurate; but it is well known to ovciyouL, wiio has any 
knowledge of natural philofophy, liuL the di\ ilions of our ther¬ 
mometers are defedtive. 

To improve this One of the ohjecls I had in view in the experiments, of 
ob^e*a^lmpor™ ^ have juft given an account to the clafs, and in feveral 
tance. others, which I intend to make vviliiout delay, is to improve 

the divifion of the fcale of the thcrnujinetcr, in order to render 
this valuable inf]<rumenl o! greater nidiiy in Uic delicate in- 
veftigations of natunl philwloph}. 

The air thermo- It appears Certain, that the ’CTc^.reof the elafticity of air 
^Uattendcr much more netirly prvipouionatc to the increafe of 

tTOperaUire, than the dilatation of mercury or any known 
fluid ; cmifcquently it is the air tUcimomeler we ought to en¬ 
deavour to improve, and which muft ultimately afidrd ns the 
moft accurate mculare of heat, that it is poflibie for us to 

V 

procure. 

SiC,T. IV. Tht lhat produced m a a giten 

^ filar Light U the fime i^kther tht liuyk bfi dcufir or 
cortrergentj paralki, or divcrgcftt' 

In all cafes where the rays of the fun ftrtke on the furfiicc 
tciTl opake body wifhout being reflected, Ijeatis generated, 

the foW ;ays be and the temperature of the body is increafed: but is the 
guantity of heat thus exefted alwaysin proportion to the quan- 
Ibrbed. ^ ^ \ difappesred } Tills is a eery Intercfting 


to 

t9« 


Whether the 


queAlon, and has not hitherto fbiUtd a dcciiive folulion. 


When 
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Wfien we confidcr the prodigious intenfiiy of llic heat cx- it does not fwl- 

^ciled in the focus of a burning mirror or a lens, we are tempted 

to believe, that the concentration and condenfation of the folar^o/i^rt. power of 

rays increafe their power of exciting heat: but. if we examine laysto pro- 
.. fr, 1 . /> r .1 /■ , duce heat cjn be 

the matter more cloielj, we are obliged toconlelsi that luch 

'an augmentation would be inexplicable. It would be equally condenfing 
fo on both the hypothefes, which natural pbilofophers halite 
formed of the nature of light; for, as it has been proved both 
by calculation and experiment, that two undulations in an 
eiaftic fluid may approacli and even crofs each other, without 
deranging either their refpedUve direSions or\velocities, if 
lighr be analogous to found, we do not fee hOw^he conreiv 
(ralion or condt'nfation of thefc undulations can increafe Iheir 
I'oice of impullc: and if light be a real emanation, as its ve- 
lot’ify is not altered, cither by the change of dircflioii it un¬ 
dergoes in paiiifig through a lens, ojr by its rcfleflion from the 
furface of a poiiihccl body, it teems to me, tliat the power of 
each of Iheic particles to excite or imparl heal, inufl nccefllirily 
be the fame after refraflion or reflection a^ before; and coi> * 
fequcfttly, that the heal t-oinmimicalcd or excited muli be, in 
in a!l^cafes, as ilie quantity ol light abforbed. 

1 have juft made (ouu; cxperimenis. which appear to me tci F‘3fp«jmentai 
efiablith this faCl bcyoiKl queftion. Invcftigaiion. 

llaviiig procured from tlic optician Lereboius iwo I( ■ Two conve^^ 
perfectly equab and of the lame kind of glafs, Iom ii.i’ljt. In 
diameter, and of eleven and a lialf locus, I ex}>tn^d at (he 
fame time to (he Inn, fide by fide, about noon, v/hen tin: iky 
was very clear 5 and by means of tw o iheiniomcicr^, or rclor- 
voirs of heat, of a peculiar conftfudi'm, 1 dcicimined (he re¬ 
lative quantities of heal, that were excited in g!v<*n iira&> by 
ihe folar rays at different diflances from (he fori of the lenfes. 

The two refervoirs of heat are a lort of fi^ii boxes of br***s to throw the 
filled with wafer. Each of thefe refeivoirs is three iucliC^ un to*^^°** 
lines and ahatftn diameter, and fix lines thick, w'cll pohfhed c nulning water 
externally oo ^1 ndes except one of ns tw^o flat f:icc>*, which 
was blacken^ .by the fmoke of a candle. On this ibce thefacest 
folar rays were received in the experiments. 

Etch of th^fe refervotrs of heat weighs when en>pty 68^0 
grsdhs; //mrc, (near a pound iroyl, and contains 1210 

Hr^ios of water (about 2 Q 2 » 2 dwts* 

Taking 
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*rhe tempera* 
tore of the wa¬ 
ter in each was 
ihewnby a ther 
momeur* 


Light admitted 
tlirough e(]ual 
'apertures* 


Taking the capacity of brafs for heat to be to that of wat^g. 
asOJ 1 to it app^i^ that the Capacity of the metallic boxt 
iveighing 69sSO ^ndnsj in equal to th& capacity of 622 grains 
of water; an4 adding this quantity of water to that contained 
in the boa^ ifakA have the capacity of the refervotr pre¬ 
pared for the ecKj^riments ecmal to that of 1932 grains of* 

water. ^ 

Each refervoir is kept in its place by a cylinder of dry wood^ 
one bf the extreniilfos of the cylinder being fixed in a focket 
•in the center of the interior face of the refervoir; and each 
refervotr has^HtdO pei^i tbrdCgh which it'js filled with water, 
and which jukei^teeeivet the bulb of a cylindrical thermometer, 
that €<Mn|>Iete}y acr(^^ infide of the box in the di¬ 
rection of "iits diameter. V 

.V * 

The two refervoirs of heat, with their two lenfcs, ore firmly 
fixed in an open frame,* which being moveable in all directions 
by means of a pivot and a hinge, the apparatus is eafily di¬ 
rected toward the fun, and made to follow tu motion regularly, 
fo as to keep the foiar fpeCtra confiantly in the centers of ibe 
blackened faces of the refervoirs. 

In'order that the quantities of light palling through the two 
lenfes Ihould be peifediy equal, a circular plate of well po¬ 
liced bfafs, in the centre of which is a circular hole three in¬ 
ches and a half in dlsuscter, is placed immediately before each 
ofthelenfes. 

When the refervoirs ef best are placed atdifTereot diftances 
from the focufes of their refpeClive lenfes, the diameters of the 
fofer fpedra, which are formed on the blackened faces of the 
refervoirs, are necelTarily difi'erent; and as the quanlitie#of 
light are equal, its denfity at the furfaceof each refervoiris 
snverfely as the fquare of the diameter of the fpefirum formed 
onllnstferface. 



Experiment. 

„With equal 
aperturrs the 
iular ipots from 
^ the lenfes were 
of 6 and of 34 
lioss diam. 


, • , , ExperimenJtl. 

-In this. ex;p«riinent the refervoir A was (b near the 
focus of the lens, between the lens and tifo focus, tint the 
diameter of the tolar fpefiram foiling on it w)m only fen inch, 
or 6 lines, while the refervoir B was adv'anoed fo for htfore 
the focus, that the fpedrum jvas two inches or 

lines. 
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^As (he quantities of light fallir^ on both were equal, the 
'denfity of (he light at the furface of the retervoir A was to Ihe 
denfity of that at the fur&ce of the refervoir fi, as the fquare 
of 24 to the fquare of 6, or as 16 to 1. 

1 imagined, that, if the quantity of iMt, which a given 
quantity of light is capable of exciting^ depended any way on 
its denfiiy, as the denticles were fo different in this experiment,, 
I could not fail to difeover the fa6t by the difference of time, 
which it would require to raife the two thermometers the fame 
number of degrees. 

Having continued the experiment tqpre than an hour, on a 
very 6ne day, when the fun was near the meridian and 
fhooe extremely bright, 1 did npt|^/that one of thorefervoirs 
was heated perceptibly quicker than the other. 

Erperiment II. 

I placed the refervoir of heat A tliH nearer the focus of the 
lens, in a fituaiion .where the fotar fpedrum was only 4^ lines 
in diameter, and where blackened paper caught fire in (wo or 
three feconds; and 1 removed the refervoir B liill farther from 
the focus, advancing it forward till the diameter of the ipedrum 
was two inches throe lines. 

The densities of the light at (he furfaces of the rpTervoirs in 
this experiment were as to 1. 

l*he temperature of the relervcirs, as well as that of the atp 
mofphere, at the beginning of the experimenti was 34^ F. 

The refervoir'A, after having been expofed to (he aftion of 
very intenfe light near the focus of the lens for twenty-four 
minutes forty leuonds, was raifed to the temperature of F. 

# r 

The refervoir B, which was much farther from the^l^s of 
^ Us lens, was raifed to the fame temperature, 80^ F.^ialitile 
more quickly,t'or in twenty-three minutes forty feconds* 

To raife Lbq^te nperature pf the refervoir A to 100® F. as 
I it. it WiU neceffary to continue the experiment for one 
hour fifteen minutes ten feconds, reckoning from the com¬ 
mencement of it; but the refervoir B reached the iame tern- 
*'pentiirq^ in ope hour twelve minutes ten feconds. 

The progrefs of this experiment from the beginning to the 
end is exhibited in the following table; 


167 

The dealides of 
thefe equal 

S stities of 
cwercthere« 
fore as i6 ta I f 


but bath the 
vetrels were 
heated in equal 
tima. 


Experiment 
wherein the dia« 
meters of the t 
fpots were as 

4i » »7* 


The denlidci 
of the light were 
as 3a to 1, 


The denieft 
light afforded 
rather lets heat* 


Increafet' 




m 


COUNT ECMTORO’d NSW SSTBftIMElfTS 


The general re- 
fultt Uhulated* 


loereafei of Tom- 


Time taken 


perature* 

» » 1 

■ By A. 

1 By B. 1 j 

From 540 to 80® F»i 

24' 

40" 

23' 

40" 

80 

85 ^ j 

7 

45 

7 

30 

85 

90 

9 

55 

9 

0 

90 

95 

13 

30 

13 

0 

95 

100 

19 

20 

19 

# 

0 

54 

100 

75 

10 

72 

10 


Time of the ex¬ 
periment. 


Hence light does 
aot give more 
heat ahfolutely 
by being con- 
dehfed. 


The rays ^^ere 
convergent in 
the preceding 
experiments* 


This experiment wai began at? minutes 30 feconds after 
111 and iiniffied at 22 minutes 40 feconds after V2j the iky 
being perfectly clear during thfe'time. " 

Oil comparing all the refnlts of this experiment, we fee, 
that the refervoir A, which was plated very near the focusy was 
more ftowly heated than the referyoir B, which was at a confi- 
derablc diftance from it*. The difteicnccs of time however 
taken to heat them an equal number of degrees were very 
trifling, and 1 think may be eaftly explained, without foppo- 
ling the condenfation of light to increafe {qu, diminifli ?) its 
faculty of exciting heat. 

In both the preceding experiments the folar rays flriking on 
the refervoirs of heat were convngeht, and they were even 
equally fo on both fldes. To determine whether parallel rays 
have the fame power of exerting heat as convergent rays, f 
made the following experiment. 


Experiment \ii, 

When one veffci Haying removed the lens from before the refervoir B, I fuf- 
was expof^ to fay* of the fun to fall on the blackened fece of 

of the fun widi-the ref^voir, through th0 circular hole three inches and half 
•out ijupreeptioni jjj dfahieter in tire round brafs plate, which had been conflantly 

placed before that lens in the preceding ex[^eriments. 

The refervoir A was placed behind its lens a^s in (he former 
experiments, and at the place where the folar fpefirum had fix 
lines diameter* « 

^ Did not the elevated temperature of the fmaller foiface fir&aui 
its power of shforlang heat, conformably to the known laws of heated 
bodies N. 


Having 
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Having expofed this apparatus to the fun, I founds that the It was heared 
. refervoir B, on which thedireft rays fell, was heated tleafhw 

quicker than the refervoir A, which was expoled to the adion'^afpearumof 
of the concentrated rays near the focus of the Jena. J 

The temperature of the apparatus and of the atmorpbere at ^ 
the beginning of the experiment being 53® F. s= 9*^ K. the 
refervoir A required fwenty-three minutes thirty feconds to 
raife it to the temperature of 80® F. = 21® f R; but the 
refervoir B, which was expofed to the dired rays of (heftin, 
acquired the fame temperature in eighteen minutes thirty 
fecond-s. 

To reach the temperature pf 100® F, r= 30® ^ R. took the 
refervoir A one hourand three mmuteSj but the reG^voirB forty* 

Jeven minutes fifteen feconds only.* 

The following table will fliow the progrefs of this experl* 
roent from the beginning to the end. 


Increatcs of Tern- 
pentture. 

Time 

taken 

^ 1 

By A. 

ByB. 1 

From 53® 

to W** F. 

s' 

26" 

r 

(y' 

65 

70 

4 

10 

• 

3 

15 

70 

75 

5 

10 

3 

45 

75 

80 

5 

40 

4 

30 

60 

85 

7 

0 

4 

45 

85 

90 

7 

30 

5 

45 

90 

95 

JO 

30 

8 

0 

95 

100 

13 

10 

10 

15 

100 

105 

20 

0 

14. 

45 

53 

105 

81 

36 

62 

30 


General tefuk^ 


As a confiderable part of the light that fell on the lepi before This difference 
the refervoir A, was loft in palling through it, it is evident, • 

that the quaplHy received by this refervoir was lefs than that pafljag through 
received by rvfervoir B, which was expofed to the dired *hc lens, 
rays of the fun; and we have fcen, that the latter was heated 
more rapidly Ilian tiie former. 

As we Iktow not exaflly how. much light was loft in paffing This experiment 
tbrough lhe lens, we cannot deterjnine from the relulu of this dedfivt; 
experiment, whether convergent rays be more or lefs efficacious 

in expiting he^t than .parallel rays j b)it the difference in the 

timet 
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limes of heating was not greater, as it appears to me, than 
we might have expeded to find it, fappofing it to be occafioned ^ ^ 
foleljr by the difl&rmioe between the quantities of light afiing 
on the referimiri*^ ^, 

The refult of tim following experiment will ellablifli this 
point beyond doabt. 


. r 


Exp. 4 was 


Experiment IV^ 

Having replaced the lens belonging to the refervoir B, I 
made with equal ^ diftanxje between the lens and 

fueara; but the its focus, that tlie folar fpedrum was one inch in diameter; and 
oticbinigiujrAw j placed thc relervoif A at lhe;\feme diftance beyouds its 

ibrmed by con- tOCUS. 

vergem rays, (^he quantities of light dirked low’ard both were equal; 

\o\th6ut by di- (liaiuetcrs of the fpeflra, confequenily the denfuiei^ 

vergcRir^ys. of the light that formed llicni, were alfo equal; there could 

be no difJerence between thc refulu of tlie experiments with 
the two refervoirs, except what was occafioned by the difier- 
ence in the dire&ion of the rays that iormed the fpecira. On 
one hand thefe rays were convc 7 'gnii, and on the oilier divergent^ 
and I bad inferred, that if parallel rays were in reality lefs 
etficacious in exciting heat than convergent rays, as feme pKi- 
lolbphers have fuppofed, divergent rays muft be flill lefs effi¬ 
cacious than parallel fays, and conicquently much lefs than 
convergent rays. 

Having made the experiment with all pofiible care, I found 
no fenfible difference between the quantities of heat excited 
in a given time by divergent and convergent rays. 

The following are the particulars of the prugrefs and refuUf 
of this experiment: 


Ko fenfible 
oc¬ 
curred* 


General refuitt 
«of thijB laft ex* 
periment. 


lAcrea&i of Heat* 

Time taken 

f By A, 

with divergent Rays* 

ByB, 1 

with convergent Rays* 

from 60® to 65^ F. 

4' .50" 

4' 50" 

65 70 

4- 55 

5 0 

70 75 

5 27 

5 2.5 

75 80 

6 , 13 

6' 15 

* f 

60 80 

21 25 

o 


from 



ART OP BtAiSTiKG ROCICS. 



From the refults of all the experiments, of which I hav'eConcIufion, 
juft given an account to the clafs, we may conclude, that iVaHwyi^ 

quantity of heat excited or communicated by the folar rays is aTthchflit^- 
always, and under all circuinftances, as the quantity of light 
that difappears. 



HI. 
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Obfirvations on blafiing Rocks; idth an jiccount of an Improve-^ 
ment, zvlierebt/ the Danger of accidental Explcfton is in a great 
jl/c<^rc obviated. Bjf JkTr. Wijuliam Closii;* Ftovi the 
Author. 

To Mr. NICHOLSON, 


SIR, 


Dalton, Oa. 14 , 1805 . 


nn 


i HE method of confining the force of gunpowder by aco- Prafficeof bbft* 
lumn of fanJ in blafting rocks, has been fcveral years uied in ^ 

this part of Furnefs: At one time it was a very favourite prac¬ 
tice; but at prefent, from the prejudices or indifference of 
workmen, or on account of the little danger attendant on % 

working lime-flone in the common manner, it is lefs in 


repute. 

About two years ago, fuppofing this method not to be ge- noticed by the 
neraily known, I drew up a (horl account of it, and ftiould 
have fent it to the Philofophical Journal, had it not been con¬ 
nected with other miicellaneous mailer, which I had given to 

I 

Mr. G, Alhburner, the printer and proprietor of a new edi-, 
lion of Weft's Antiquities of Furnefs, in which work tlie pro- 
cefs is deferibed and recommended 

‘ Though 


• The paffage alluded to Is as follows, p. 393. ” In breaking 
up the lcK>fe nocks upon Baycliff Haggs, after the enciofure of that 
common, a iii|Fthci of employing fea-land, for the purpofe of Con¬ 
fining the force of gunpowder in blafting, was ufed, which doce 
not appear to be generally known, though it was undoubtedly in 
ufe in other parts 'before it was adopted in Furnefs. The method 
it briefiy this: After the excavation is made in the ufual manner 
with a borer^ the charge of powder is poured in; and a priming- 
firaw of a proper length, filled with powder, it placed in the hole, 
having one of its fidtt nenr the lover end fo cut or shinned, that 

the 
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I 

Improvement by Though this method is undoubtedly worthy of much atten^ 

tiooi and may often be employed with advantage; yet, when 
a flrong pharge U i:e<{Uired, the common mode of Hemming 
muft be frequmitiy adopted: 4nd as the danger in blafting 
fome kinds of fbwi in this manner is very cooricleral}lc» I am 
happy to notice an eafy method of obviating one principal 
. canfe of accidents oxpI<>Hon, which was communicated to 
me in converfation, a tew days agoi by Mr« Thomas Fiflier, 
a refpedable Hate merchant in this town» who azures me it 
is infallible, 

CaafeseftccK The principal danger attendant on blafting. does not con« 

in ftemming upon the charge of powder, but in the fable- 
fbmthefri^on t)uent operation of drawing the iron roj, called the pnekor, 

®f the iron which makes the channel for the priniing-ftiaw. For allliongb 

Jawing. the collifion of the firft fragments of flemming fomi iiipes pt«i- 

duces an explofion, yet this may be prevented by previo^^jF, 
ramming a ‘thick cap of paper, &c. upon the 
beating lightly upon the HrH pieces of (lone that are lil i Pw n 
into the hole; or by ufing tliofe materials for Hemming which ^ 
are leaH liable to give hie, fuch as rotten Hone, pieces of 
broken pots, or burnt'clay. The pricker being hard‘prefl'ed 
^gainlt the rock, and in clofe conlafl with the Hemming, can¬ 
not be drai^n out by hand, but mud be (Iruck out by the 
hammer, a Hrong piece of iron called a jumper being tirll 
placed in an ^yh of loop.In the higheft part of lhe rod, to re- 
Oeivd'the blows which are given in a proper direftion to bring 
it out of its place. Now' it frequently happens, that the ffic* 
tiori of the loweft part of the pricker againrt the rock fires the 
powder at the firii .or fccond blow. When the explofion 
happens at the f^nacncement of (lemthing, the workman 
gen*erBlly fuHains j^ty a partiaf ihjury.; but when in this part 
of (he operation, vvhen the powder exerts its whole ibreej and 


the charge may partially communicate tlieimal) ajbe&ding cox 
lumn contained in the firaw. After, this^ the remainder cf the ex¬ 
cavation is filled, by pouring in dry (ca-fand; and the exploiion.is 
given, l^ firing the priniing-lb*aw in any of tb^^various ways Vrhjch, 
are in common ufe« 

** This method has been found to be equally'cfFefttial as ftem- 
jning with any of the common materials; and whric'lt can ufccl 
IS ctirtamly preferable : it is fafer, fimpler, and; more expeditious,'^ 

'■ i'*'- ' ' 

dHperfes 
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(]ir}>erres pieces of the fliattcred rock in various diredliooflj his 
'life is in the utmoft danger^ and his fituatlon is truly terribl# 
to contemplate. 

Mr. Fiflier's improvement is to obviate this danger; and Mr. F/b expe- 
confi/ls in (he ule of a copper rod^ or pricker, made of cop^^ 

the iiolc that receives the priming-^Rraw, inftead of one of which is noc 
iron, wliicli before was every where employed in this part pf ^ ^ 
the kingdom. 

In our converfation Mr. F. obferved, that fume years ago, 
three explofions happened on drawing the pricker, in the 
courfe of a fortnight, at his quarry in Kirkby Ireleth, and that 
one man being killed and two wounded, feveral of the work¬ 
men were fo intimidated, that they refolved to abandon a 
place which they coniidered as deRined to daily misfor¬ 
tunes. It therefore became highly requiiite, on feveral ac¬ 
counts, to attempt fome innovation for the fecurity and en* 
couragement of the workmen. 

In Biedilaliiig on the caufe of thefe accidents, it appeared! 
moR rational to attribute them to the iron pricker giving fire 
by its friftion againR the rock, which was a hard blue rag^ or 


wiiinRone : and from this view of the caufe it was inferred, 
that lately would'accrue from the u(e of prickers confirufled 
of (hofe metals which are leaR difpufed to give lire with Rone. 

Mr. Fdher, therefore, determined to make trial of copper, 

and having procured fome implements of this kind» found 

them to anfw’er the purpofe completely. It is now upwards Ample eipcrl- 

of three years fince this improvement was adopted, and as no pr®ve4 

eucpIoRon has happened at the end of ftemming in that period, 

at an extenfive work where accidents were irequent before, 

Mr. F. conRders the means as almoR infaUihle; and is happy 
to Uiink that many fad misfortunes iiave been thereby pre* 
vented. / 

Tfa^e are eleven Rate quarries in Kirkby Ireleth, at feveral 
,of wbids #}pper rods are.no.w uted; but at others they are 
not. At one c. thefe a fatal accident happened a tew months 
ago, from an explofion upon drawing a rod of iron. 

- ^Pricker#, fuch as ufed by Mr. FiRier, are cafiiy conftrudied: 

A piece*of copper being forged to the proper length, lhape, 
and ihickt^efs for the body of the too), is rivetted to an iron 
head er loop limilaa to that of the common pricker. Thefe 
implements, vyhen carefully ufed, are nearly as durable as 
tbofe of iron. 


$ 


Sand 
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of ^ Sand has nol hitherto been ufed in blafting at the flate quar* 
in Kirkby Ireleth. The maflers do not think it woulcf 
focceed well in their work. I have frequently feen Mr. Fifher 
ufe it inlimeflone rock near (his town : He fays it anfwers the 
befi in deep hdbVf but thinks that fand is more liable to i>c 
blown out than fiemming. He alfo conHders it a$ the mofl 
ftdvwtageoos method of working* in driving levels* and blafi- 
i% IQ firm rock* to nfe ftrong charges of powder^ (hat the 
fionO may be fuiiicientfy broken by the explafion to be re¬ 
moved without much aiSllance from the hammer* the pick» 
6r the lever; For thus the.expedition of the work amply com-* 
penfates for the fmall addition Which is requiflte to a common^ 
dharge of powder. 

lani} Sir*. 

Your’s refpedfuHy* 

WILLIAM CLOSE. 

/ ■* 


IV. 


D^fiription qf a portabk Steam-engine» invetUed Mr. Samvei, 
Ci.eGG*t David Street, Mancitefier, * Comtuunicated by 
Mr. DatTON^ Le&uttr al the Royal 

Sieftr)pt!on of a THfS engine is worked by four copper valves in the ufual 
ftssBKBgiiie. but the mecbanifin for lifting them is very different 

from any hitherto made; there are no levers employed for 
opaning the valves* and there M no hand gear. The fleam 
and eahauflion valves are on the fame horiaontal plane; thofe 
which are vertical tip.e^h other.are not like Ibofe hitherto 
ufed* both expofedlQ^the fieam or both to a vacaum; but by 
a fimple .contrivance in the^ canffchdion of die nozzles^ Ike 
one is ^pofed to the (lekm while the other has a comtM»ica« 
tion with the coftdenfing veflel. From what has been laid it 
may eafily be perceived* if the two valves be orniOeAcd lew 
gether by a flraight rod* that when this rod is lifted* (he pref- 
fure is given to the pifion* and the maditne » put into afov 
tionj and if the other two valves beconnefied in foma 


1 

* Late apprentice to Meflrs. Boulton and Watts> if Kntihg- 
ham. 
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manner and lifted at an appointed time, the engine is kept in Defcript5o« of a 
motion. The outfieJe appearance of thele nozzles may be feen 
at Fig, 1, c c, (Plate IX.) The rods which come out of the 
bottom of liie nozzles are kept tight by vertical fiuffiog-boxes, 
the whole of which is hid in the drawing by the frame* 

The next is a new contrivance for producing a rotative mo* 
tion from a reciprocating one, which not only fimplifies the 
machine very much, but exceeds the power of the common 
crank by nearly one-third, in confeqaence of Its acting always 
perpendicular to the radius of the wheel, which is done by a 
rack and wheel, as reprefentefl by Fig^ 2 and 3 ; and as this 
plan of connexion diftributes the power uniformly, of coarfo 
a much lighter fly-wheel is required, which diminifties 
friction,* &c. 

Explanation of the Plate* 

Fig* 1 . is a reprefentation of the engine: one of the cor¬ 
ner columns A A, which fupports the frame, ferves likewife 
for an edudlion-pipe and condenfing-vefTel: the air-pump £ 
is joined to the condenfing veffel by the pipe D; e is the pif. 
ton-rod, and though it works out at the bottom of (he cylinder, 
it is as ea€Iy kept tight as if it worked out at the topi; b is a 
fimilar rod which keeps the rack perpendicular; oa are the 
two radius bars on which the bralTes are fixed that Support the 
lhaft; by this contrivance the wheel C eafily moves from one 
fide to the other of the rack F. 

Fig* 2. is a view of the rack on a larger Icale, whereC re«^ 
prefents the wheel and D the fhaft; £E, a (Iidiiig*bar, on 
which is fixed the fmall roller o, ferving as a eonneding link 
to keep the wheel C always in gear; for, when the wheel is 
in gear on the oppoiite fide the rack, the roller o ii on the 
other fide of the plate aa; bat it will paitiiq^ be more clearly 
underfiood by the plan, Fig* S« where the letters reprefent 
the fame movement as in the elevation, Fig, 2: This d^rip- 
tion may be eafily underfiood by thofe who already poffeb a 
little knowledge t f a fieam-engine. 

I 

JUanch^r, 1805. 
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Framed tiufs by 
'which the roof 
of Ciapham 
church waa 
dec* 


V. 

s 

L^erfrom ATr. J. C. Horn blower, deferibittg the framed 
Work by xebit^h the Roof of Clapham Church was raifed to its 
original Situation^ without difurbing the Interior of the Build-- 
ing, Sfc. 

To Mr. NICHOLSON. 

Dear Sir, 

will be a pleafure to you I know to record the produ£li^^ 
of genius or fancy in your valuable Work, and 
have no hefitation in prefenling the inclofed for that purpofe. 

It is the invention of Mr. Walkin Bloore, one of the part¬ 
ners of Fothcrgal and Co, caipenters at Clapham, and was 
invented to raife the funk roof of Clapham church; and its 
application to tlie purpofe intended, exhibits at once (he means 
and the end that was* to be accomplifhed; as by it the roof 
was raijid and feettred in the fame procefs, w^ithoUt incom¬ 
moding the building with /hoors and fcaffolds, which muft 
have occafioned confiderablc damage to the furniture of the 
church, 

Thclhadcd part of the drawing, Plate X. fliews the trufs, and 
the lines behind it the conftruftion of the roof. The middle piece 
in thetrufs marked A> it joggled into the king-pott of the roof, 
and tire two ferews put into action raife it up, and with it 
the wt^e of the middle or funk part of the roof, all whidi is 
eatiiy comprehended by the drawing. 

The drawing, Fig, 3, ibe^s an improved mode of con- 
ftruding thetrufs, by the rider* AAA A being framed over the 
principals B B, by which the rai£ng ferews arc more firmly 
fopported in the qoeen-potls C C in the roof* 

This muft be a valuable experlfnenl in the art of carpentry, 
whidlfi confidcring how little fcience of it falls to the lot df 
its poSbflbrs, cannot be too much regarded. / » 

I am. Dear Sir, 

Your very obedicn^ ferya^t, 

J. C. HORNBLOWER. 
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Expei'iments on draitiingLand, John Christian CurweNi 
fjq, M, P, of IVorkington^Hall, in Cumberland, with art 
Hngraviftg *. 

Dear Sir, 

IVIuCH having been faid, in the public Papers, relative Mr. Ellcungton^ 
to draining, on llie improved method of Mr. Elkington, 1 beg 
leave to offer you fome obfervations refpe£ling it, which have only where the 
fallen under my notice, and which tend to prove it can 
plied, with fuccefs only, in fuch parts of the kingdom, as have 
few, if any, interruption of the Orata. In order to make my* 
fcif intelligible, it may not be improper to explain what is meant 
by interruptions of the Arata, or dykes and hffures, as they Dykes and til. 
are denominated in mining countries. They are produced 
by the frafiureor difunion of the Arata, and confiA moA com* 
monly of the broken fragments of each fuperior Arata; and 
towards the furface arc of fand, gravel, and Aones, which 
(cidora or never fail of affording conAderable quantities of 
water. Thefe dykes may be approached within a few feet, Thefe inten-up- 
and afford no water, as will be feen in two InAanoes in the 
plan fent you. No. 3 is a main drain, Ibur feet deep, which the water, 
paffed within a few prds of A, an extreme wet place, and 
did not affe£t it* The perfon employed, fuppofed the water 
to be below him, and brought in a lower level No. 1, which 
iikewife failed. No. 2 w^as then made Aill lower, but with 
no better fuccefs than No. 3, though with more advantage of 
level. As foon as it eroded (he dyke, I but before the 
level was brought up, not being deeper'the main drain, 
it got a conAderable feeder, ibis proved' that an interrup¬ 
tion in (he Arata prevented the water flowing into a drain, 
which was of m depth.^herwife to have drawn it. Another 
example occurs in the fame Aeld, at letter B; which is a 
funk fence, four feet below the furface of the adjoining fleld, 
whidt was extreinely wet within a few yards of the funk 

*From the twenty-fecond volume of the Tranra£):|ons of the 
Society'of who awarded the gold medal to the author. 

The plan he refers to U at their houfe. 

VpjL. XlI.~>{OYEMBER, 180d. N fenCC. 
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dra^ffence. A lower level was fuppofed necefTary to drain till)? 
” water, and it wa.s obtained at the dotted line. No waterH>t 

any confeqaence was got, till it was within a few yards of the 
funk fence, when a prodigious feeder was cut, and tlie head of 
the drain was not fo deep at the time as the funk fence. Many 
inflances to the fame effeft might be produced. In finking 
ftafts in places much troubled with water, it is endeavoured, 
if circumflances will permit, to gel near a dyke, which ferves 
^ barrier to the water; and iti in finking, (he dyke be not 
the dykes! ^crofied, the water is kept clear off; but if olherwife, the water 
would be got at any depth, though not in fuch quantities as 
when near the furface. The fpot of ground, to which 1 have 
alluded, has above a dozen dykes, which may be traced from 
the ouUburfts of waler. They run in a direction of f^plh to 
north-weft. I have made my drains eaft and weft. In one 
or two places, I was obliged to run a drain foulh. This pro¬ 
ceeds from an arm running from the dyke: but this fcldom 
extends to any diliance, and they gradually decreafe till they 
end; and they rather make an interruption than a breakage 
of the flrala, as the ftrala is the fame on each fide of it. In 
fuch a country, Mr, Elkington could draw no more water than 
what lay in the uninterrupted ftrala hefwcen any two of thefe 
Dcfcription of dykes. The method of making the drain is explained by the 
frrcnce to the ^^^g^aving. 1 had twenty years ago drained this ground with 
drawing. Bone drains, from 5^0 indies to two feel; but their diredion 

having been moftly fiom north to fouth, and not fufticienlly 
deep, I had got little more than the day whaler. The feeder 
which I have now got, might be made applicable to many 
purpofes. The drains are from two feel to nearly five feet 
deep. I have made GOOO yards in the laft twelve months; 
the cutting from Ud. to 184 per rod, filling 8d. ten and a 
half Angle cart-loads of flones, at 9d. each, making the coft 
10s, per rod. The expence appears great; but fewer drains 
are required, and the work is effedlually done. By reference 
to the plan, it will be feeii that the dircQion of the drains not 
being able to draw the upper wafer, I was obliged to extend 
them, I would advife beginning al the higheft leve); for 
frequently (hat clears tfie whole, iinlefs fume dykes intervene 
Springs of water in a contrary diredlion. I believe that all fprings and out- 
Syll”** burfts of vvater proceed from dykes. The exl^ nt of Jiefe is 
various, Some may be traced for many miles, and their effedls 
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fecn from the water that appears on the furface. Their orfgitl 
\i<r fcarcely perceptible, and they thicken to many yards as 
they are approached. The flrata on both Tides have a more 
rapid rife or dip, and arc of a clofer and harder texture. If 
thefe obfervations appear to you worthy of attention, you may 
make what ufe you think proper of them. 1 by no means with 
to detrad from Mr. Elkington^s merit; but it is not generally 
applicable; and in counties' where the flrata are much broken^ 
Mr. Pilkington’s plan will be found to fail, 

I am. Dear Sir, 

Your obedient fervant, 

J. C. CURWEN* 

Feb. 3, 180k 
Mr, Charles Taylor. 

P, S. The higheft drain is 120 feet above the level of 
No. 3. 

A certificate from Mr. William Hoodlefs, farming agent* 
accompanied this letter. Hating that upwards of fix thoufand 
yards of drains had been cut, and completely filled, on the 
farm of John Chrifiian Curvven, Efq.; that the firfl drains 
made according to that plan were <Ione three years ago; and 
that they (land completely, and anfwer an admirable purpofe. 

Referee to Fig. 5, Plate XI, qf the Manner in tehich Afr. 

Cur W£ n Drains are made. 

The lowed part of the drain below EE is twelve inches 
wide. 

E E 4 4 are the two fide-ftones of the drain, nearly four 
inches thick and nine inches high. 

F 9 is the aperture for the water, nine inches high. 

D, the lla^ or thin Hone over the aperture, and which covers 
the (ide-tlones ^ the drain. 

C C, the body of the drain, filled with loofe Hones till 
within nine inches of tlie furface. 

B 9* the top of the drain, twenty-two inches wide and 
nine indies deep* filled with grafs fod and fol!« 
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Rmarks on a Letter of Mr, Daltok, conrernin^ the ACaximitm 
Dtnfily of Water \ •with Account of iivo Exiicrhnents of Dr. 
Ho^g, tending to Jhexo that it tulces place at a Temperaiurt 
dhove the freezing Point. ln,a Letter from T. 1. B. 

To Mr. NICHOLSON, 

SIR, 

Journal, page 28, Mr. Dalton has pub- 
letter. liflicd fome remailts upon Count Rnmford's experiments, re¬ 

lating lo the maximum denfity of water, where he explains 
the riling of the Ihermometer in the cup» by obferving that 
it acquired heat by the proper conducing power of water. 
This, I (bould think, is by no means probabje; for the coii- 
dueling power of water i^ not fufficient (o produce fuch a rapid 
effeft. 

The circumftances of ll.o two llieymometers by the iide o 
the ball and cup, in tiie Count’s twu firfl experiments, I 
think are perfeclly conhfient with his principle: the cup, 
very probably, did-overflow, which might Iiave been alcer- 
tained by a thermometer placed below. 

In the conclufiQir of this letter Mr. Dalton exprelTes a with 
that Count R, or fonie one in polfctrion of a fimilar apparatus, 
vsouldrepeat theCoui&l’aiirft.experiment, with this ditference, 
that tbe mafs of water (bould be at 40^ and the but! at 32*^', 
in which cafe, he fays, Ihet ihermometer would not be at ati 
affefled on the Count’s principle; neither would it be aflefled 
(on Mr. D.’s principle) if (he ^tenacity of the water countm- 
a6i$ tbe force of defeent: and concluiiozi couId buidraWA' 
from fuch a varialion of- the eK^iment? . 

Experiments of ISie following^ experiment .was made \>y Dr. Hifpe, pro- 
Pr. Hope. feSof. of chemiftry in P^dinburgh, loa^jaw the,point at. 

which water has the greated denhty,—it appears tq me 
to be pcrfeftly decifive. 

He filled a jar with ice-cold watei^, abd expofed it- Ip Ike 
air of a room at 52® : he fufpended^ in it two very delicate 
thermometers, one at half an inch from the bottom, and the 
other at the fame diftance from the furface of (he watcl'; tlie 
thermometer neareft the bottom wgisfiift atfedled, *'itl coi>- 
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iinved tt> rife till it reached the temperature of 40®, wfieh 'U. 
became fiaiionary : the thermometer at the furfacc rofe more 
flowly, but did not iiop till it acquired the temperature of the 
room (52®). 

Dr. Elope^ to render thiR point ftill dearer, expofed water 
at 52® to the air of a room 32® ; the reftik correfponded pcK 
feflly with the former’elcperimtsnt. 

If you fee no ohjeSion to the publication of this letter, by 
inferting it in your Journal, you will oblige 

Sir, your's, 

• T. I. B. 

Edlnhuru^hf OB, 10, ISO.j, 


VIIL 

t 

Obfirvaiiona and Coujei^urcs rdntive to the fuppojkd Welch 
Jndiam in the t;'- juni tmta of Norik America. Republfjkcd 
from (he •' Ntntucky Ealutdiumf iciih addUional Remarks 
' and CortjeBnrt's, bj/ ilte Editor oj iitje Philadelphia Mediced 
and Pliyjlcal Journal f» 

SIR, 

No circumfiancc relating to the biftory of the Weftern'TradltJonal ae- 
CouDlry, probably hai excited, at differeOt time?, more ge- America 
neral allention and anxious curiofity than the opinion, that f.ppofed to hare 
a nation of wbko men, fpeaking the Welch language, refidc 
high up on the MitTouii. By tome the idea is treated as no- 
Uiing but the fuggeftion of bold impofture and eafy creduhty ; 
whilfl ofbers regard it as a fa£t fully authenticated by Indian 
tetlimony and the report of various Iravellerit worthy of credk. 

The is accoiualed' for, they fay, by recurring to a pafbgo 
in the biftory^of Owt Britain, which relates, that fcveral 
years afldribe difr >V!ery of America by Chrifiopher Columbus, 
a certain! Welch .prince embarked from' His native country 
with a large par^y of emigrants j that alter ibme time, a vdTel 


* A fuller sexiount of the late experiments of Dr. Hope will- be 
]prcrn|l Edinburgh Traiira6lions appear. 

14^ ‘ 


from that Work, Vol. II. Fart I, 
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Traditional tc- or twd came back with the account that they had difcoveredf 

weft ward, and that they fet fai! again with 
Cappofed to havea frefti reinforcement, and never returned again any more* 
wflcs!^^™°* country which thefe adventurers difcovered, it has 

been fuppofed, was the continent of North America; and it 
baa been conjedured that they landed on the continent, fotne- 
whare in the Gulf of Mexicoi and from thence proceeded 
lArtbward* till they\got out of.tbe reach of the hoftile natives, 
and feated themfelvea in the upper country of MUTouri. 

Many accounts accordingly have been publiihed, within the 
laft thirty years, of perfons who, in conlequence either by 
accident or the ardour of curioftty, liave made thcmfelvcs ac¬ 
quainted with a nation of men on the MitTouri, poffefTmg the 
complexion of Europeans and the language of Welchmen. ^ 
Could the fa£l be well eftabliftted* it would afford perhaps 
the moft (atisfaflory fuluttun of the difficulty uccafioned by a 
view of Ihd' various ancient fortifications with which the Ohio 
country abounds, of any that has ever been offered. Thofe 
fortifications were evidently never made by the Indians* The 
Indian art of war prefeiils nothing of the kind. Tl*e proba¬ 
bility too is that the perfons who conftrufled them were, at 
that time, acquainted with the ufe of iron: The fituation of 
thefe fortifications, wliich are uniformly in the moft fertile 
land of the country, indicates, that thofe who made them 
were an agricuhar^' people; and the remarkable care and 
llcill with which they were executed,, affords traits of the 
genius of a people, who relied more on their military fkill . 
than on their numbers. The growth of the trees upon them 
is very compatible with the idea that it is not more than three 
hundred years ago that they were abandoned. 

Thele hints hofwevcr are thrown out rather to excite en* 
quiryj than by way of advancing any decided opinion on the 
fubjefS. Having never met with any of the perfons who had 
feen thefe white Americans, nor even received their teftimony 
near the fource, 1 have always entertained confiderable doubts 
about the lacl, Laft evening, however, Mr. John Childs, 
of Jeffamine County, a gentleman with whom I have been 
long acquainted, and who is well known to be a man of ve^ 
r^city, communicated a relation to me, which at all events 
lippears to merit ferious attention. 
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After he bad related it in converfation, I requefted him to Traditional^#^* 
repeat itj and committed it to writing. It has certainly of America 

* internal marks of authenticity. The country which is defcribed fuppofed to have 
was altogether unknown in Virginia when the relation was 
given, and probably very little known to the Shawnees 
Indians. Yet the account of it agrees very remarkably with 
later difcoveries. On the other hand, the (lory of the large 
animal, though by no means incredible, has fomethtng of the 
air of fable, and it does not fatisfaflorily appear how the 
Jong period which the party were abfent was fpetU; though 
Indians are, howevert fo much accuflomed to loiter away their 
time, that many weeks, and even months, may probably have 
been (pent in indolent repofe, 

Witiiout detaining you any more with preliminary remarks, 

I will proceed to the narration^ as 1 received it from Mr. 

Childs. 

Maurice Griffith, a native of Wales, which country he left 
when lie was about fixteen years of age, was taken a prifbner 
by a parly o! Shawnees Indians, about forty years agO| near 
VolTes Fort, on tlie head of Roanoke river in Virginia, and 
carried to the Shawnees nation. Having Raid there about 
two years and u half, he found that five young men of the 
tribe had a dei'ire of atiempiing to explore the fources of the 
Miffouri. Ho pievailoci upon them to admit him as one of 
the party. They fet out with fix good rifles and with fix 
pnunds of powder a-piece, of which they were, of courfe^ 
very careful. 

On reaching the .mouth of Uie Miflburi, they were flruck 
with the cxiraoidiiiary appearance occaiioned by the inter¬ 
mixture of the muddy waters of the Miflburi and the clear 
tranfparent element of tiie MilliOippi. They Raid tW'O of 
three days arnufing thexnfelves with the view of this novel 
fight: they then dete:lrmined on the courfe which they {hould 
purfue, whj^h happened to be fo nearly in the courfe of the 
river, that they f' 2 quently «:aine within fight of it as they prdr 
ceeded on their journey. 

After travelling'about thirty days through pretty farming 
wood land, they came into line open prairies, on which no- 
Ihing grew but long luxuriant grafs. There was a fucceflioi) 
of ^'U^ng in fize, feme being eight or ten miles acrofs 
but them fo long that it occupied three days to travej 

through 
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Ti^i^tiond ac- .tIiroug,h it In pa^ng through this large prairie, they were 

diftrefled for waLer and'provifion*, for they faw neither 
Cai^rcd to have heafi nor bird; and, though there was an abundance of fait ^ 

fpri*^gs frefti water was very fcarce. In one of tbefc prairies 
the fait fprings ran into fmall ponds, in which, as the weather 
WEB hot,' the water had funk and left (he edges of (he ponds 
/o covered with fall, tba^ they fully fupplied themfelves with 
tlut Vticle, and anight eafily have collected buftiels of iU 
they w'ere travelling through the prairies they had like« 
wile (he good fortune to kill an animal, which was nine or 
ten feet high, and a boUt proportioned to its heigbth. They 
had feen two of the fame fpecics before, and I bey law four of 
. them afterwards. They were fwifi-footed, and they had nei¬ 
ther tuiks nor horns. After having palTed through the lung 
.prairie, they made it a rule never to enter on one which they 
Could not fee acrofs, till they had fupplied themfelves with a 
fufficiency of jerked venifon to laft feveral days. 

After having travelled a connderabic lime (lirough ihe prai¬ 
ries, they came to very cxlenfive lead mines, where they 
melted the ore, and furniflied themfelves with what lead they 
wanted. They afterwards came to two copper mines, one 
of which wai three miles through ; and tn feveral places they 
met with rocks of copper ore as large as huufes. 

When about fifteen days jonrnev from the fecond copper- 
mine, they came in fight of while mountains, which, though 
it was in the heat of fummer, appeared to them to be covered 
with fnow. The fight naturally excited cpnfiderable afio- 
^niftimenl; but, on their approaching the mountains, they 
difeovered that, inllearl of fnow, they were covered with im- 
menfe bodies of while fand. 

They had in the mean time palTed through about ten nations 
of Indians, from whom they received vc?ry friendly treatment. 
It was the praflice of the party to txercife the office of fpokef- 
xnan in rotation ; and when the lang^^ of any nation through 
which they pafTed was unknown to them, it was the duty of 
the ffiokefman, a duly in which the others never interfered, 
to convey their meaning by appropriate figns. 

The labour of travelling through the deep fands of (he 
mouritains was exceflive; but at length they relieved (hem-^ 
felvcs of this difficulty, b> following the courfe^of Ei flwllow 
l*iver, the bottom of which being level, they madei^iei^ way 
tp the top of the mountains with tolerable ponvenienct'' 
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After p3^ng the rapuntains they entered a fine ferlUe traS Traditional ae- 
•f land, which haying travelled iliruugh for feveral days, they 
accidentally met with three while men in the Indian drefs. fuppofca to have 
(Griffith inimediatcly underftood their language, as it was 
pure Welch, though they occafionally made ufe ol'a few words 
with whjch he w'as not acquainted. However, as it happeDefl 
to be the turn of one of his Shawnees companions to ajS as 
fpokefman or interpreter, he preferved a profound filenfws# 
and never gave them tmy intimation that he underftood the 
language of their new companions, 

Ahe/ proceeding with them four or five days journey, they 
came to the village of thefe white men, v\here they found 
that the whole nation was of the fame colour, having all the 
European (omplcxion. The three men took them through 
their villages for a)>out the fpace of fifteen miles, when they 
came to the councii.huufe, at which an afiembly of the king 
and chief men of the nation was immediately held. The 
council lafieci three davs, and as the fir<inger$ were not fup* 
pofed to be acquainted with their language, they w^ere fut 
fered to be prefent at their deliberations. 

The great queftion before the council was, what condufi 
fliould be obferved tow^ards the ftrangers. From their fire¬ 
arms, their knives, and their tomahawks, Uwas concluded that 
they were a warlike people. It was conceived, that they were 
font to look out for a country for their nation; that if they were 
fuffered to return, they might expeS a body of powerful in¬ 
vaders ; but that if theic fix men were put to deatli, nothing 
would bo known of their countr}, and tiiCv would flill enjoy 
their pofieffions in fecurity. It was finally dclcimined tliat they 
flioutd be put to death. 

Griffith then thought it was lime for him lo fpeak. He ad- 
drefledlhe council in the Wellli language. He informed them, 
that they had not been fent by any nation; that they were 
actuated merely by privat,e curiofiiy, they had no boftile in¬ 
tentions ; iKat it was their wifi) to trace the Mifiburi to its 
tburce; and< that they ftjould return to their country fatisfied 
with Ihe difcoverles they had made, without any vviffi to dif- 
turb the repole of their new apquainiances. 

An infiant aftoniOirpent glowed in the countenances, not only 
of QieAaiiEil, but of his Siiawnces companions, who clearly 
fawIthaMje was anderiiood by the people of the country. Full 

..VV “ confidentc 
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■ Traditional ac- confidence was at once given to his declarations, the king 
count of inhabi-advanced and gave him his band. They abandoned the dc-** 

putting him and his companions to death, and from 
originated from that moment treated him with the utmofl friendfliip. Griffith 

and the Shawnees continued eight months in the nation ; but 
were deterred from profecoting their refearches up the Mift 
Iburi by the advice of the people oF the country, who in-, 
'ftawed ihem^ that they bad gone a twelve month^s journey, 
up the river, but found it as large there as it was in their own 
country, 

m 

As to the hidory of this people, he could learn nothing fa- 
tisfaQory. The only account they could give was, that iheir 
forefathers had come up the river from a very diflant country. 
They had no books, no records, no writings. They inter¬ 
mixed with no other people by marri^e, thete was not a dark- 
fkinned man in the nation. Their numbers weie very conli- 
derable. There was a continued range of fetllemcnts on the 
river, for fifty miles, and (here were within this fpace three large 
waier-courfeswhtdifell into the Miffouri, on the banks of each 
of which they werelikewife fettled. He fuppofed that (here 
mud be fifty thoufand men in the nation capable ot bearing 
. arms. Their cloathing was tkins well dreffed. Their honfes 
were made of uprij^t pofls and the barks of trees. The only 
implement they had to cut tiiem whli, were (lone tomahawks; 
they had no iron. Their arms were bows and arrows. They 
had fome filver which had been hammered with dones into 
coaffe ornaments, but it did not appear to be pure. They 
had neither horfes, cattle, (lieep, hogs, nor any domeftic nor 
tame animals. They lived by bunting. He faid nolliing about 
their religion. 

Griffith and his companions had fome large iron tomahawks 
with them. With thele they cut down a tree and prepared 
a canoe to return home in : But their tomahawks were i'o great 
acuriofity, and the people of the country were (b eager to 
handle them, that their canoe was completed with very little 
labour. When this work was ac*compliftied, they propofed 
to leave iheir new friends; Griffith, however, having pro- 
mifed to viiit them again. 

They defeended the river with confideruble fpeed, biB aroidtl 
frequent dangers, from the rapidity of the current yar".ul','rly 
when pafling through the w'hilc mountains. When they 'Hjfieci 

. N \ir 
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the Shawnees nation^ they had been abfent about two years Tj'adUlonai ac- 

aod a half. Griffith Aippoied that when they travelled they 

went at the rate of about fifteen miles per day. fuppofed to have 

He /laid but a few months with the Indians after his return, o^sm«cd trom 
as a favourable opportunity ofiered itfelf to him to reach his 
friends in Virginia. He came with a hunting party of Indians 
to the head-waters of Coal-river, which runs into NeW-rivOr 
not far above the falls. There he left the Shawnees andeafily 
reached the fetllements on Roanoke. 

Mr. Childs knew him before be w'as taken prifoner, and 
faw him a few days after his return, when he narrated to him 
the preceding circumftances. Griffith was iiniverfally re¬ 
garded as a fteady honefi man. and a man of flrifl veracity. 

Mr. Childs has always placed the utmoft confidence in his 
account of himfelf and his travels, and has no more doubt 
of the truth of hU relation, than if he bad feen the wholb 
himlelf. Whether Griffith be ihll alive or not he does not 
know. 

Whether his ideas be correCl or not, we /hall probably have 
a better opportunity of judging the return pf Captains 
Lewis and Clark; who, though they may not penetrate as 
far as Griffith iilledged that tit* had done, will probably learn 
enough of Ihe country to enable us to determine whether the 
account given by Griffith be fiction or truth* 

I am. Sir, 

Your humble fervant, 

HARRY TO0LMIN. 

Pranitford, Dec. 12, 1S04. 

Additional Olfjbrvations and CorJeSum by the Editor. 

THE fiory of a Welch colonization of America has bxcited 
much curiofity, both in Europe and the United States: By 
many it is believed, while by others it is thought unworthy of 
any attention, ^y reafon of (he prefent rapid progrefs of feU 
dement in Aiperica, the time cannot be remote when the 
truth or faliity of this liory will be completely cflabli/hed. 

In the meanwhile I do not liefilatc to conjecture, that no traces 
of the d^cendanti qf ihe Welch prince tcill ei cr be difiwcred in 
the of North America* 


It 
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isa> 

*ira6itlonalflc- maj not i>& improper to notice the tale upon which fo 
*^** 1 ^* nca perron** in Europe at leaft reft their hopes of proving 
fuppofca iThavc tlie iiioft fatisfaflory manner, that the Welch have con- 
originaud from iributcd to the peopling of America. 

David Powcl, a Welch hiftorianp informs us. that on the 
deceafeof Owen Gayneth, king of North Walts, adifpute 
arofe among hU Tons concerning the focceffion to the crown ( 
and that Madoc or Madog, one of the foof, ** weary of this 
contention, betook htmfelf to Tea, in queft of a more quiet 
ittttlement */* We are informedt that he fteered due weft, 
leaving Ireland to the north, and arrived in an unknown 
country, which appeared to him fo defir^le, that he returned 
to Whales, and carried hither feveral of bts adherents and com* 
panions. After this neither Madog nor his companions were 
ever heard of more- Thf* voyage of Madog is faid to have 
been performed about tiie year 1170. 

I have not feen PowcIS work, but I learn that this bifto* 
rian» who lived in the reign oi Queen Elizabelh, and confc* 
quently at a great dift^nce of time from the event which he 
recoids, adduces no better authority in fuppoit ot the voyage 
than a quotation from a Weh h poet, which pioves no more 
than that he (Madog) had dilliiiguidicd himleli by (ea and 
landf.” Some few Welch words, luch as t^nsundof to hearken 
or liiien, &c. are very feebly or unlortunalcly adduced by 
Powel, as circutnftunces favoutable to the trutii of Ike Welch 
emigration. 

When we confider '' that the Welch were never a naval 
people; that the age in which Madog lived was peculiarly ig* 
norant in navigation;’’ that the compafs was then unknown; 
the ftory of the voyages ol the Welch prince muff I dunk be 
iconftdered as extremely improbable. 1 am of opinion with 
Mr. Pennant, Uui (he moft which they could have attempted 
muft have been a mere coafting voyage," 

Bui it may be faid, we muft appeal to (ajEis; apd that in* ' 
depcndently of the verfes of the Welch poc^, and the argu* 
ineuls the Welch liiftorian, it feems highly probable that a 
colony ol white people who (peak the Welch language, doca 
adiually cxift in the tyefterp parts of North America. 


■I i 


^ Dr. Kohertfon. ^ 

f Pepnanfs Artie Zoology, latroduflioli, p. cclxilf.^'* :c. 

I K nh^ 
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A I cannot, I muft confefs, adopt this opinion, I readily allow, Tniditlonai bc- 

tha-t the relations publiflied by Mr. Toulmin and many t>thcr 

perfons, both in Europe and in America, arc evtremely ctKious. funded to have 

Jiuf thelie relations are very inconfifteni with .one aimlher, 

particularly in what relates to the actual Hale of impiowment 

«f the fuppofed SVelthoven, By fome we are told they' are 

very far advanced in improvement j by others that their iitti 

provement is not at all greater than that of the Red«-men or 

Indians of America. At. one time, ibey are faid to be in pof- 

ieffion of matuifcripts (and even printed books) at another time 

nothing of this kind U fimnd among^hem. It muft be con* 

foffed that Maurice GrifSth^s relation is, in feveral refpedls, 

more plauftble than tiiat of any preceding Ira^’eller; but it is 

not unincumbered with inconfiftencies, whrch I do not deem 

it necefldry to notice in this place. His affertion that tlie white 

men of the Miil'ouri fpeak pure Welch,” even though this alftr- 

tion be qualified by the obfervationlhat "they occafionalty malcc 

ofe of a few words with vvbich he was not acquainted,” is to 

me one of the moft improbable tilings (haft have cv<t been 

related of liiele people. His iiicnce about their^ religion is 

altogether incj^ndable. One would fuppofis’ that a perfon of 

GriHlih's inquifiiive turn of mind, would hardly have omitted 

to make fome inquiries rcTpccling the rcIigiouR inftitutJonsof a “ 

people, whom he confidered as his countrymen. If thcfe 

people be the delcendants of Madog, fo/nv tra^’Cii of i\ie Chrif- 

lian religion may beexpeQed to be difeerned among them; 

for I think it requires matiy centuries to entirely efiaoe from 

the memory of a people all vetUges of their religion, efpetially 

from a people fo tenacious of their language, and fodittie difi 

pofed to intermix with their neighbours, as the Welch Indians 

are reprefented to be. 

But Griffith's relation is, I.think, worthy of foiwe allention.- 
^even think it not altogether itrt^obuble that future reiearcfi^s 
will cftablifh^thc fa3,ihut there docs rxift- in the weft’ern 'patts- 
of North Americ . a race or natiotj ot men, whofe complexion^ 
is much fairer than that of the lurrounchng tribes of Indians, 
and-who fpeak a ]anguag<? abounding in Weldi ct G^ttic 
words. But live cotHpi 0 te eftaWiffimcnl of* thule* two^ pdints 
Would not prove the efthbliffiment ofthetrulh'of^heaflbrtibWv 
thai bad^ever madd a voyage to America, of 

* that' 
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Traditional ac- that a colony of Cells had at any period prior to the difcotfery 
c«Kint of inhHbU .-/r/ierica ba Coltonbas, pafled into this bemifphere/ro»f . 

tontt of America „ . . 

fttppofed to have 

orifti^ted from thou^t, from the flatement publiftied by Dr. 

Wtliiftfns and fome other writers on the fubjedl^ that the belief 
of the ejtiftencc of a race of Welch Indians in America is ge» 
lieraHy admitted by the Welch Indians and others. But this 
is &t from being the cafe. The late Mr. M^Gillvray, a man 
of no inconfit|efable powers of mind, and whofe curiofily was 
by no means confined to his own relatives, the Mufeohge, or 
Creek Indians, inform)^ me, in the year 1790 ,.,^t he line* 
nothing of tlie exigence of any white pe^lc ihl the traft of 
country beyond the MiffifBppi- \ ■ ^ ^ 

The fotlowingis an extrad of a Dnvining, 

U, 1792) from my learned and C3»B&t friend the late Mr. 
Thomas Pennant of Wales. 

My countrymen are wild among the Padouras, or Welch 
Indians, defeendants of Madog, now fcaied about the upper 
parts of the MilToufi. I am rather in difgrace, not having the 
warmed $opes of their <IIfcovery. Pray what is your opinion 
and that of your philofophers 

In anfwer of the above I wrote a letter, of which the fol¬ 
lowing is a part: ^ 

1 have heard a great deal about the Welch Indians, I very 
early imbibed your opinion, as delivered in your Arctic Zoo¬ 
logy*, and mentioned you Ub the fubjedtin a little workf 
which I publilhed in England at the age ^ * * * *. 1 do not 
* know whether you have leeri that work. I do not mean to 
bint that U is worthy of your attention. I certainly think there 
is fome foundation for the flory; but! have no doubt but the 
whole affair will turn out very difrercnl from a difeovery of 
Madog’s defeendants in America. 

Ihave faid, that I think there is feme ground for the flory, 
I fhi^ explain myfelf. You know that many of the firft vifUors 
of the new world were flruck with the rcfcihblance which 


See the introduction to the work, pagoe 263^ 264. 
t Obfervations on fome parts of iiamral hUlory j to which Is 
jreliated an account of I'cveial remarkable vefliges, of an ancient 
date, which have been difeovered in differentpartwjf Nocl^^mtrica. 
Part I. London, 1797. ^ 
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fubufts-between fome of the American nations and the JevvR, ac* 

.Some Hebrew words were found in this continent, as they 

have been every where elfe. The Americans were now faid fuppofed to have 

to be the defeendants of the Jews, and Adair laboured very 

bard to |)rovc the matter in a ponderous quarto wSichfew 

people read, becaufe it is bip; with fyftcm and extravagance, 

though, indeed, it contains fome curious and accurate matter. 

In like manner, in the languages of fome of the American 
tribes there are found fome words which are a good deal ana*- 
logons to words in the languages of the ancient Celts. Warer 9 
who was a very refpeflable obferver, if we confider bis oc*- 
cupation in life, mentions the coincidence he found between 
the language of the Indians of Darien and that of the Highland 
Scots; and I could produce inflances of their coincidence. 

Soihe’Qroek words are alfo found in certain of the American 
langtMiges. I would not Ifrain a point fo much as feme writers 
have, who mention the coincidence which fubfifts between 
the Greek Tltvos and llic Mexican J'cotL The word Potozi* 

7/mck, whicli is the name of one of our groat rivers, is a good 
deal like tlie Greek PolOTnosX- TlitU: words (perhaps Ihev 
arc accidental refemblaiices) have given rife to fome of the 
numerous theories which we have had concerning the peopling 
of this great continent: and I doubt not tiiat fome » * ♦ * or 
perfon who underftood the W(*lch language, finding Celtic 
wo/ds (a language' fpoken by the Welch) among the Ame¬ 
ricans, in the fulnefs of bis ze^l would bring his countrymen 
Among the Fadoucas» Apaches, Sec. 

** Such, I believe, jias been the origin of this wonderful ‘ 
ftory, I prefumc, that, w^ere an ignorant Highlander to vifit 

the Darien Indians* or fome other American tiibes, he would 

« 

fancy himfelf among his countrymen, whom painting, ex- 
pofure to the fun, &c. he might fuppofe had exalted or de-. 
graded to,their prefent tii.ge. 1 lately converfed with an old 
Highlandefij^who rai<|, that the Indians fpeak the Highland 
language. Some Highland words were mentioned by him ; 


^ The Abb£ Molina (in his Compcnciio de la Hifloria Civil del 
Rcyno dc Chile, Bcc. Parte Segunda, p. 334, 335.) has pointed 
out fome very ftrtking instances of retcinblance between -the Greek 
and Chilefc languages* He has alfo pointed out fome refembfance 
fcctff^n i\§Xatin and the ChiJefe.—Febiuary ly, 1805. 
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«*t# one word I recoIie£l, the word ieinc, which ii| 
(be Highland language, he faid, fignldes fire: now our Dela^' 
ware 4ndians call fire ieriday ; the refemblance in found is 
not fmall. Tlie Celts have, undoubtedly, been very 
fpireadov the globe: I belieVe they exi(led in this 
^' ifiat their defeendants arc fome of the prefent 
’1^ thould be found among the 

^fmlenbrns,. words arc to be found olinofi , 

i^Cre dfe* is nof to bb wondered a(/' 



Account cf an improved Skeep-^Foldf .Mmhived and confiruded hp 
Thomas Pi^OWman, Efq> of Broom in Norfolk, and com- 
wumcated by him to the Society for the Encouragement qf 

. ArUU 


A^ntages of ThEh^ idel of Mr* Plowman^s Sheepfold was forwarded to 
^newibeep- SccrlsUiiy pf the Society of Arts laft year with a letter 

deiJ^ibing its properties and con(iru6lIon, It is made on an 
improved .and very, Ample principle, combining many ad¬ 
vantages over the old and expeniive method of folding by 
hurdles; and as the whole fold can be removed with cafe at 
all times, it is found pecuikrly ufeful in feeding off turnips on 
the laud in frofly weather, Wl^ hurdles csmi^t be ufed; and^^ 
as .the ikving of labour in agrldullure is a leading objeS, be 
has no doubt of feeing it, in a very'few years, generally 
adopted* 

X>onblSty* ^ The ex pence, in the fir ft tnftance, wiU< exceed that of 

hurdles, for the fame givenYiuanlity of ftieep; but having 
had one, in ufe nearly ihlM years, be is lattsBed the faving 
very confiderable; .ft>ri before he adopted tliis method 
of folding, he loft from thirty to forty folding in the' 

year, owing to the land being hard in dry 'feafons, foch as the 


e Very confiderable fragments of the Celtic are ftiU'^e* 

fervedin America ; particularly; if 1 dp not i^ftske, among'the 
Kanticokes and the Katalba or I^tawbos^'; F^i^J i9, 1805. 

t l^e Society awarded the gold fot^this iifefiU i|inpi)ove- 
ment, «id iuferted his account. ... 

>wo ' 
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two laft; which fenders folding almoft impraflicable, as^vingof 
. Chey never can be fel without great labour and deRruSion of*^^^**** 
hurdles. He is alfo clearly of opinion^ that the Rock of flieep 
will be greatly increafed when this method of folding becomes 
more know^n; and that it will enable many fmall f^mers to 
keep from 50 to 100 (lieep, who now are deterred ^ 

on account of the fmall quantity of feed they bave« tK>t ai^ 

(wering to keep a man for that purpofe only; but by this pJan^ 
they may keep a boy at Ss. or Ss. 6d. per week. Who can at* 
lend on 100 or 200 (heep, and move the fold himfelf without 
any alliRance. In lieavy gales of wind it frequently happens is eafily 
that hurdles are blown down, andthefheepi ofeourfe, being 
at liberty to range over the cropSi do incalculable mifebtef; down ^ 
which cannot happen with this fold. 

In fomc counties in England, where hogs are folded, great rsGfoboc’* 
difficulties are experienced for want of ftowage^ for them to 
feed oflT winter tares^ &c. 8cc. as they niot up every. Rake cur 
hurdle; but from having tried the experiment, the inventor is 
certain his fold will keep them in, and defies their attempts 
to dilplace it. 

From this drawing, which correfponds with the model, and 
from the defeription, it is tiecn that an aftonilhing cpiantity of 
time is faved ; for one man can remove a fold to contain 300 
theep with cafe in Rve mintftes, which» by the old melliod, 
trequently takes ^me hours to accompliOi. 

Certificates of gentlemen, who ufe thefe new folds, were 
fenl to foe fooiety, among whom is that of his Grace the 
Duke of Bedford. 

When tlic fold is wanted to be ufed on very hilly ground. Method of pW 
it is beR to begin ail the top, and work it down to foe bottom, 
for the eafe of removing it, and Uten draw it up again with a 
horfe. Thisj however, the inventor has never had occafipn 
to'do; for.the land in his county is ploughed in a coniraiyr 
direfUon, ailik ibe is worked in the fame courfe as the 
ridges. By (I|j$ jncan, the inconvenience is avoided of crofs* 
ing the furrows, and they are alfo a guide to keep foe fold in 
a Rraiglit diredlfon. * 

With refp^ to ,the ttieep getting under, he does pot re* 
colle6l that circumRlilnce to have ever happened, nor does he 
conceive that any land, wbteh- is cultivated can be fo upeven 
as to admit of it. 

VoL- XII.-*-Novembsr, IdOJ. 
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drawing* 


Defirfption of the Sheepfold. ; 

Plate Xli Fig. 1. Shows one dlvifion or part of this fence " 
twenty.oiie feet long, and three feet eleven inches high, com- 
pofed of the following parts; 

A. A lop rail three inches ^eep ancj two inches thick. B- 
Th^ upper bar> three inches deep, and three-quarters inch 
thick. CC, Ifhe two lower bars, four inches by three- 
quarters of an inch, which, with the upper bar, are morticed 
through the uprights, DDDD, Which uprights are oak, 
three inches by two inches. E, The lower bar, three inches 
by three. F« An upright bar, with the horizontal bars halved 
into it. GG, Two oak uprights, three by two inches. 

Fig. 3. Shows the oak uprights GG. The axletree, 
three inches by three, and three feet between the wheels. I, 
An oak knee, which connefis the uprights G G with the 
axletree, by means of two ferew^s and nub. 

Fig. 3. A plan, in which the axle H is fliow'n with two 
arms KK at right.angles to H, which are made to a£l as 
pivots to.ihc wdieels, when intended to be moved in a direcr 
tipn at right angles to the bars. 

Fig. 4. Is a view of the fame parts deferibed in fig. 3. 
The wheiels marked W, in all the figures, are of cart iron, 
and coif 3s. 6d. each. 
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jTiecdofa if m Amaicfin Qrpv^f By William Ba&ti^am*. 


Anecdotes of a 
crow. 


lx is ,a difticult talk to giye a hiftory of our crow. And I 
helitate not to aver, that it would require the pen of a vpry 
able biographer to do juliice to his talents. 

.Before I enter on this ful^c£i minutely, it may be necelTary 
to remark, that we do not here fpeak onhe crowcolledlively, 
as giving an account of the whole race, fince I aip convinced 
that thefe birds differ as widely as men do from each other in 
point of talents and acquirements, but of a particular kind of 
that fpecies, which 1 reared from the nell* 

( • • i 


# From the Philadelphia Medical Journal, Vol. I. p^j/t I. 

He 
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* He wa$, for a lonjf limc^ comparatively^ a helplefs depei^* Aoec^lptcs of a 
^ dht Gfeature^ having a very fraall degree of aflivUy or vivacity^ 
every fenfe feea)iog (o be afleep, or in embryo, until he ha4 
nearly alUlned bis fini{hed dimenfions and .figure, and ibe ole 
ot all his members. Then we were furprifed an$i daily 
amulcrd with the progreffive developement of bis I'enfe^, 
pandin^ and natarating as the wings of the youthful phalapi^ij 
vfhen difengaged from its nympba (hell. 

, Thcfe fenfes however, feemed, as in man, to be only the 
organs or infiruioentfi of his intelie^ual powers, and of t|beir 
effeds, as diro^d towards the accomplilbrnent of various 
detigns and the gratification of the paffions. 

Tikis was a bird of a happy tenaper and good difpoiltion. 

He was lra£lable and benevolent, docile and hmnblet whihl 
his genius demonftrated extraordinary acutenefs ,and^)tVieJy 
fenlations. All thefe good qualities wero greatly in hU fayour>> 
ibr tikcy proqur^ him friends and patrons, even among m&ii 
whofe foCiety and regard contributed to illuArate tl>e powers 
of his underftandii^* But wlml appeared moft eiUraordinary, 
he feejned to have the wit to fclcfl and ireafure ap in hiS 
mind, and the fugaeity to pra£licet that hind of knowledge 
which procured him the moA advanlag-e and^probt. 

He hpd great tal^nUi and a Arong prQpen(ity4o.imitation. 

When I was engaged in weeding in the garden, he Vrouhi 
often dy to inoi. ztiad.xAor very attentively obfervi<]ig> metia 
pulling up the fmail greeds and grafs, he would fall. Co iirork# 
and with his ftrong. beak plock up the grafs; and the moif^fo, 
when 1 complimented him with encouraging exprelfions. Ho 
enjoyed great pleafnre and amufement in teeing me write, 
and would attempt to take the pen out of my himd, amd my 
(pe^acles from .ray nofe. The latter article he was fo pleafed 
with# that 1 foaend it neceflary to pul them out of jiis reach 
when 1 had done Jdfing them. But one time, in particular, 
having leA tliep ft nfthment, (he crow being, then out of my 
light, recollefijog the bird's mifehievons tricks, I rcturoed 
quickly and foiijud him upon the table, rifling ray inkfiand, 
books, and paper. When he faw me catfiing, he took up my 
fpe£lacles and flew pff witli them. 1 found it vain to pretend 
to overtake him ; but Aanding^tb obferve his operatsoos with 
my fp^dtaclet, 1 faw him fettle down at the root of an apple.^ 

Uee, where, after amufing bimfelf for awhile, I obferved 

O 2 tb^t 
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that lie was hiditig tbem in the grafs, and covering ihem 
ilicks and chips, often looking round about to fee whether 1 . 
was watching him. ' When he thought be had fufficientijr 
fecreied^bem, he turned about, advancing towards me at my 
'Calk When he had come near me, 1 ran towards the tree 
to regain my property. But he judging of my intentions by 
snyAdkms, flew,:and arriving there brforetne, picked them 
up again, and ilew off with them into another apple tree. I 
now almofl defpaired of ever getting them again*^ However 
1'relumed back to a houfe a tittle diftance o0*, and there 
fecreling myfelf, 1 had a full view of him, and waited to 
the event. After fome time had elapfed, during which 1 
a great noife and talk from him,. of whi^ 1 underfio^dMP^ 
word, he left Ike tree with my in %ta 

motrtb, and alighted with them o^M^ound. After feme 
lime,'land a great deal of caution liP^ontrivance in diooOng 
and rejeding diiTerent places, hid them again, as he 
thought, very e0e£lually in the ^grafs, carrying and placing 
over them c^ips, dry leaves, SfC, and often pufhing them 
down vyitb his bill. After he h^ finifhed this work, he flew 
ep into a tree hard hy, and there continued a long time talking 
to himfeif and making tnuclrnoife; bragging, as I fuppofe, 
of his achievements. At laft he returned to the houfe, where 
not finding me, be betook himfeif to other amufemenU. 
Haviag^noted the place where he had hid my fpedacles, | 
bafletted thither, and after fome time recovered tbem. 

. This bird had an excellent memory.^ He foon learned the 
name which we had given him, which was Tom ; and would 
commonly come when he was called, unlefs engaged in fome 
Ifirvouritc amofement, or foon after corredlipn; for when he had 
tun to great lengths in 1 was under the neceflity 6f 

wiupping him, which I did with a little/witch. He would 
m general bear, correction with wonderful patience and 
humflity^ fuppliesding w'ith piteous and penitent cries and* 
aSions. But fometimes .when chaflifement became intolerable, 
be would luddenly :flant ofii and take refuge in the next tree. 

' Here he wuuld,conibl9 himfeif with cbaltering and adjufling 
bU featiiera, if he. was not .lucky enough to carry off with 
him fome of my property, fu^b as a pen knifei or a piece of 
of paper; an thyscale he would .boafl and brag very loudly. 
At other times he would foon return, amd with .every token of 
. . penitence 
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ipenHence and fubmiffion approach me for forgivenefs and Anecdotes of« 
• reconctitalion. On thefe occafions he would fomelimes return 
and fettle on the ground near my feet, and diffidently advance 
with foft foothing expreffions, and a fort of circumlocution, 
and fit iilently by me for a confiderable time. At other times 
he would confidently come and fettle upon my fhoulder, and 
there folicit my favour and pardon with foothing expreffions 
and carefiing gefiiculations; not omitting to tickle me about 
the neck, ears, &c« 

Tom appeared to be influenced by a lively fenfe of dominao 
lion (an attribute prevalent in the animal creation) but never* 
thelels his ambitiont in this refpe^t, Teemed to be moderated 
by a degree of reafon or reflection. He was certainly by no 
means tyrannical or cruel* It mufl be coDfeiFed, however, 
that he aimed to be mafler of every animal around him, in 
order to fecure his independence and his felf prefervation, and 
for the acquifition and defence of his natural rights. Yet ii> 
general he was peaceable and focial with all the animals about 
him. 

He was the mofi troublerome and teaming to a large dog 
whom he could never conquer. This old dog from natural 
fidelity and a particular attachment commonly lay down near 
me when 1 was at refi, reading or writing under the (hade 
a pear-tree in the garden neai the houfe. Tom (1 believe 
from a paflion of jealoufy) would approach me with, his ufpai 
careiTcs and flattery, and after fecuring roy notice and regard, 
be would addrefs the dog in fomc degree of complaitance, and 
Jby words and adions; and if he could obtain accefs to him, 
would tickle him with his bill, jump upon him, and compole 
bjmiblf for a little while* It was evident, however, that this 
^tning fociabiluy was mere artifice to gain an opportunity to 
praSice fome mifehievous trick, for no fooner did he perceive 
the old dog tp be dozing, than he would be fure to pinch his 
Jips, and plu^ his beard. At length, however, thefe bold 
and hazardous acbievments had nearly cofl him his life, for 
pile time the dog being highly provoked, be made fo fudden 
and fierce a fnap, that, Ifie crow narrovyly efcaped with his 
head. After this Tom vvfts wary, and ufed every caution and 
deliberation in his approaches, examining the dog’s eyes and 
movements,'* to be fure that he was really afleep, and at la/J 
i/vould not venture nearer than his tail, and then by flow, 

fl filent. 
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' lilent, and wary flcps, in a fideways cnr Gblii)de 
ipresding his legs and reaching fWward. In ihk portion 
would pluck the long hairs of the dog\ti lad. But he Oroaid 
always take care to place his feet in fuelt a manner to be ready 
io iftart pflT when the dog was roufed and fnapped at him. 

It would be needtels (cd>fcrve9 roy ingenious friend in the 
coeelofion^ of this entertaining account of the crow) to re- 
eoQBt inflances of this bird's anderftanding, cunning, and 
operations, which certainly exhibit inconteftible demontirations 
cf aregular combtnattimd*ideas, premeditation, refledion, and 
contrivance, which influenced his operations. 
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An Account qf the Seiches qf the Luke of Gcficva* 

■ By M. Vauchea 

Sudden and ir- inhabitants of the banks of the lake of Geneva, dti- 

regular rue and ^ ^ 

fall ot'the lake fignate by the name of feiches certain fuddon and irregular 

*^* *^^**^'^ ^^*”^^* which take place in the level of the waters of the 
fake, and have no relation with the regular and annual in- 
creafe produced by the melting of the fnows. This phe¬ 
nomenon was deferibed at the beginning of the lafl century, 
^atio de Duilers in the 2nd vol, of Spon's H?ftoi*y of Geneva; 
and afterwards by Jalabert in the Academy of Sciences; 
Serre in the Journal de Sai^aos, fiertrartd, and by De SaufTurc 
in the 1 ft vol, of his Travels in the Alps. But though feveral 
of thefe philofophers have attempted to explain tlte fa^, as 
We thall hereafter remark, yet no one has conlidered it with 
precifion, and as a general phenomenoft. TBc editors of 
the Bulletin des ScieneCs, from w^hofe excellent flieet 1 take 
the prefent account, have followed Mr. Vaticher, and afteN 
Wards prefent the difTereni explanations. The numerous 


dbrervations of that p4iilofopher have led him to the following 
general refuits. 

Particular detail 1. The feichcs axe not peculiar to the lake of Geneva, (hey 
of the are alfo obferved ih the Lslkes of ConftanCe; Zurich, Annecy, 

in'oihw lakes? Ncuf-chatel, and in the lake Major/ arid there are ftrong 

reafons to think that they cxift in rtioft lakes,^(hou^h they 
■may not have been fufftcicntly obforVed, ' *' 


From the Bulletin des Science^ No. 96. 
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5. It appears, however, to be true, that the phenomenon Bat moft 
. IS more remarkable in the Jake of Geneva than any where 
etfe that it has t)ecn obferved. In faA, the level of the waters 
of Leman lake have been feveral times obferved to rife at a 


given place in the coarfe of 15 or 20 minutes, three, four, 
and even five feet, and to fubtide fume time afterwards, 
whereas the (irongefl feiches obferved in other lakes, liave 
been four or five inches in the lake of Conflance, eighteen 
lines in that of Zurich, four or five lines in that of Annecy, 
and only a few lines in the lake of Neui-Chatel and lake 
Major. 

In ail ihefe lakes, particularly in that of Geneva, the More eonfidor* 
feiches are moll fenfible in that part of the lake which 

1 . . ^ place Ql efflux, 

neareft the outlet oi its waters. Accordingly they are no 
more than one or two inches, at the diftance of two leagues 
from Geneva, and at the extremity near where the lake re¬ 
ceives its w^aters the feiches of the lake of Geneva are not 


Wronger ihan thole of the other lakes here mentioned. 

4. In thcle diifercnl lakes they are moll fenfible in places and where the 
where the lake is remarkably narrow, 

5. The leic'iies may take place indifferently at all feafons of the> happen at 
the year, and at any hour of the day; but in all the lakes 

it has been obferved, that they are mure frequent in the day ’ 

than in the night, and in the ipnng and autumn, than in the 
winter or fummer. 

(i« It has been obferved in particular in the neighbourhood but mod drik- 
of Geneva, that the flrongeft feiches take place at the end of ***6'^ 
the fummer, that is to fa^, at ihe time of the greateft elevation higheft j 
ol its waters, 

7. The I’cidies are extremely frequent, but they are ufually 
a few lines, or at mod only a few inches, in which cafes they 
cannot be perceived without exa^ apparatus to obferve the 
level of the lake. It is frorn a w^ani of this obfervation that 
they have been fuop^fed to be very rare, as Ihofe feiches only 
could be obferved without apparatus which vaiied feveral 
feel. 

8. The feiches lake place without any agitation or motion attended with n6 

of undulation or current in the furface of the fluid, "gitation, 

9. Their duration is very variable, feldom exceeding twenty hid 

... 1 I- r I r 

or tweaty^nt'e imnutes, and often much Ids, 


JO. This 
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likey fcem to be 10. This phcnotnenon takes place in all temperatures, birt 
thVa^ general it refults from very extendve tables, that the feicb^ 


wei 


mofphfre, an4 are more frequent, and more extreme, the more variable the 
ire thought to almofphcre. Remarkable variations of the 

barometer nave been obferved to correfpond wuh confiaeraole 
fetches, and it is an opinion generally deceived among the 
fifrermen, that the feiches are a fign of change of weather. 
In particular, they have been obferved to be very ftrong when 
the fun comes to thfne very ftrongly on a fpot, a fltori time 
before obf'cured by a thick cloud, 

Xxphnations by After this expoftlion of the phenomenon, fome notion may 
vATious be fornied refpt^fiing the value of tlie diderenl explanations, 

M. Falio attributes the feiches lo violent gurts of wind which 
drive the waters into the narroweft part cf the lake, Mr. 
Jalabert attributes them to (bme fudd'en encreale ol the Arve, 
’which falling into the Rhone at a Biort diftance from the lake, 
arid entering the river at a confiderahlc angle, may in fact, 
fometimes flop its cOurfe for a fhort period, and in that manner 
raife tlie waters of the part of the lake neareft Geneva ; laftly, 
Mr. Bertrand thinks this phenomenon lo be occafioned by 
eledrical clouds which altradl the waters <»f the lake, and 
produce ofcillations more fenfible, the nearer its oppofite 
banks may be to each other. Without dwelling on the in- 

fufficiency of tbefe three hypolbefis to account for all the 

different fafls before mentioned; Mr, Vaucher obferves, 
that the true explanation ought to be twoilold; namely, 
general in order to tbew the caufe of thofe Ief« coniiderable 
ftiiches which are obierved in all the lakes, and over the 
whole of their furfjce ; the other mull be local, and explain 
why this phenomenon is much more feniibiG at the weftern 
extremity of the lake of Geneva, than in any other known 
p)aoe« 

Mr. Viueher With refpe^l to the firft, Mr. Vaucher aferibes it to the 

•feribes them to frequent variations which are (enfibie in the weight of dil- 

fcrenl columns of the atmofphere, and confequently in the 
more ftrongly on prefTure it exerts on dift’erent points of the furface of lakes *- 
like dun at conceive, that if the weight of the atmofpheric 

place of rite* column be fpeedily diminifiicd in a given part of a lake, wilh- 

* This caufe was before indicated c(mcifely by Sauffure, in 
bis iirft vol. of Travels in the Alps. 

out 
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out the tame thing happening over the red of the furlace; 

. it dill more if the weight (liould be augmented upon that 
remaining furface, the water will be forced to rile in that 
lad place* and will again delcend when the atmofphere {hall 
have refumed iU equilibrium. It is known, in fad, that thefe 
variations of the barometer are fo frequent, that it can never 
be faid to be exadiy llationar)': it is known, that they can 
be produced by changes of temperature, and De SaufTure has 
calculated that a diminution of three degrees in the column of 
air will account for a variation of 0,85 offline in the ba« 
rometer. It is known, that ibefe variations are mod frequent in 
mountainous countries in aulunui and in fpring, and previous 
to dorms, circumdances which .coincide with the greater 
frequency of feiches at thofe times. This ge!)eral caufe tends 
to explain the llighl variations of level which are common to 
all the lakes; it is fven of fuch a nature as to be applicable 
to all extended furfaces, and it is therefore probable, that 
thefe variations of level likewife take place in the fea, iude* 
pendant of the flux and reflux, which may have hitherto pre«> 
vented their being obferved. The variations in the weight of 
the atmofpbcre may perhaps contribute to thofe fudden and 
li>cal elevations of tlie waters of the Tea, which have all been 
iodiflindly confidered as of the nature of waler-fpouts. The 
fame cau(e ought likewife to act on rivers, but indead of raifing 
or diminilhing their level, it ought, according to Mr. Vaueber, 
to produce a momentary acceleration pr retardation of their 
comfe; an obfervi^tion difficult to be made, and not hitherto 
attempted- 

As to the fepond part pf the explanation, namely, that which —and he 
flmuld account for the great intenfily of the phenomenon 
the extremity of the Leman lake, near Geneva, Mr. Vaucherof Cenevatobe 
recurs to two circumdances peculiar to that lake, and which ^**|j***^^^j^ 
are found in a iefs d<?gree in thofe of Zurich and Condance, 
where the feiohes aro mod remarkable after thofe of the lake 
of Geneva; namely, the c^ntraAion of a lake in a given 
place, and the defeent of its waters towards the place of their 
did'harge. With regard to (he flrd of (hefe circumdances, it 
will be fufficient, if attention be paid to a chart of the Leman 
lake, to {hew that it is very remarkably conti'aded at its wed« 
ern extremity, fo that at half a league didaiice from Geneva, 
it has not one third of Uie breadth of that before Thonon, Now 

we 
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J\nfl alfo by cir. 
rumlUnces at¬ 
tending the 
£ 'vving olF of 
the waters. 


Singular appear¬ 
ance which 
fometimes occurs 
that the furface 
of the lake is 
partly fmooth 
and partly agi¬ 
tated. 


we tnaj compare a Jake of this form to a fypbon fuR t>f watefi 
of whtcb the branches flionid very much differ in diameter; 
and it wiH be evident that if, for example, their inequality 
being as fourteen to one, the fmallefl branch flmuld fuddenly 
receive by the augmentation of the atmofphere a furcharrge 
equal to that which depreflos the barometer one line, it would 
iU 14lbe», and the water which would be driven into the 
branch would raife its ferfitce only one line; whereas, oft tbb 
contrary, a furebarge iriiich fbooid depreftt^Jhjp level of the 
great branch only one line, would raifo it fov4 moment four¬ 
teen in the fmaiter.^ The effed would be double if at the fame 
lime (he weight of the atmerfpberc fliould climinifc on one Of 
the branches, and emcreafe on one of the other. We 
therefore admit that in lakes, the breadth of which remari^ 
ably contraffed in fonie part, the influence of the variations of 
the atmofphere to produce feiches will be greater in the narrow 
than in (be wide part. 

A like effect will take place according to Mr. Vauclwr, by 
reafon of the incHiwtion obferv^le in that part of the furface 
of the lake near the place where it difeharges its water. He 
remarks that every particle of a liquid on a Hope may be con- 
iidered as foliciled by two forces; one whicli lends to raife it 
to the level of the fuperior part ot Iheflope or the refervoir, 
and the other which urges it in the direftion of the current. 
If by Ihe fudden dfeprelfion of the fuperior fluid the current 
be for a moment fupprefled^ the particie will no longer find 
ilfclf urged but by the fifft of tbefe forces, and will rife to- 
wards its ancient level, and foon afterwards defeend. Now, 
as we have before feen, all the parts of lakes which have very 
perceptible feiches have a remarkable Hope; this flope is nato« 
Tally more coutiderable at thofe limes ot the yt?ar when the 
Waters are higheft, and ihefe are the periods when the feiches 
are the neighbourhood of Geneva. 

Independent of the phenomenon of flic-feiches, the lake of 
Geneva and moft other lakes afford two other lingular pbeno* 
inena> the one is known by the fifliermen of the Letban lake 
by th^s name of tbniaines. This takes place when the furface 
of ibe lake, inftcad of being uniformly calm or uniformly agi- 
is feen to have certsun parts calm and certain parts agi- 
wiiicb are often mixed among each olher in*a thoefand 

aienncrs, and always very diffin^ TWs fa£l feems to indi- 

coic 
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^0 atmofpheric columtis, though very neaf each 

may Tome of them be agitated and others calm. ^Thtv 
ippe’afance of the furfacc of the take is Confidered by the 
fiihOritten as a <5gn of fain. 

The fecond phenomenon of which Mr. Vaucher fpeaks. Another pW 
doiriitis in certain fonorbtj* fftftant e^tplofums or noifes 
refemble thofe of the difcharge of artillery, and are fometimCS noifc of aniJ- 
hatrd in the fine fumtrtef evenings. This phenomenon is rare, Icry. 
but is »^everth^lefs aflinned By feverdl inhabitants near the lake 
1S( Geneva. Ilalfo takes place in (he lake of Zurich accord* 
ing to Mr. Efcher, and in that of Baikal according to that ot 
Mr. Patfin. Mr. Efcher afTertsHfmt half or three quarters of 
a minute after having heard one of thefe noifes he faw a bubble 
of air about a foot in diameter rile out of the lake of Zurich, 

Jnnotaiitm. —W. N. 

It does not feem to me that any of the c^ufes yet pointed oirf Objections tathe 
arc fufficientto account for the effefl of the feiches. Sudden 
or ftrong blafls of wind could fcarcely operate in this vi»ay fo c<J ret^fting the 
partially as that the exiftence of fuch fqualls flionld not at the f^ichos# 
fame time have fixed the attention of the common people as 
well as of the more accurate obfervers who have noticed thefe 
changes. It is perhaps equally difficult lofuppofe fuch un¬ 
heeded variations totakeplace in the Arve (ufficient toaccouni; 
for thefe very remarkable changes In the lake. Mr. Bertrand*^ 
eleftrical bypothefis refers us to a clrffs appearances too little 
ttnderftood to be admitted, olherwife than in the way of loofe 
conjeftute; beftdes which, it muft be remarked that the agency 
of eleflfical clouds is much more generally directed to mouti- 
lairts than to the valleys in which lakes muft neCelfarily have 
their fituatten. Mach ingenuity is laftly fliewn by Mr, Vaucher—pardcuJarljr 
hi his explanation, which neverihelcfs requires us to ®^t***^ ofvauche!^f*of 
atmorpherre columns conftderably differing in weight and oc-atmofpheri^ 
copying very firta** extent of furfare. If' this be even admit-P'®^***^ 
fed as poffiWe,' ytt ftrong doubts may fnrely be cnlertarn^d 
to hs probability. It appears to me that the ohjod in queftion 
admits of an ealy folution upon other principles, and alfo that 
his explanation Is groundedon pofittons not confiftenC with the 
known laws^of ftatics. 

- This ingenious author afrume.s as the conditions of his ge-RecapkidatloQ 
tUtxtA theoi^ that the lake tbouid confitt of two portions 

water. 
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wafer, one much more exteniive than the other, and eonnefied 

• 

by a narrower portion or gat. He then Rates that if the at* 
morpheric pretfure be greater upon the larger farface than on 
the fcnaJler, the hrR will be deprefled and the latter will rife, 
and that the difference of elevation in each furtace occafioned 
by the pafling of any given quantity of water will be greater 
the fmatler the farface, 

Woatmofphcric ‘ This is very true; but it can In no cafe happen, that the 

ch»ftgt can make difference betwe^ the level of one water and the other can 

a grsafer alter- ^ • 

acton in the Uke amount (o a greater quantity than that of a water barometer, 

itin the fay a like change, namely, about fourteen lines for every line 

fill of a water variation in the common barometer. That is to fay, if the 

baroni<‘ter, barometer were to rife and fall again through half an inch, in 

rfH^hln^c^aiy fttoritimo of a feiclie, which I believe Icarcely if ever hap- 

t*k<.s pen*!, the feichc itfelf could not rife above feven inches. The 

whole range of variation in the barometer could only caufe a 

rife of three feet and a half inflead of five which fometimes 

happens. 

A theory ^ w'ould Venture 10 conjefture that this phenomenon is one 
ifvT.'d; that the among the numerdixs ofcillatory proceffes which take place 
a t-) M when two Variable natural powers are oppofed to each other 

r i.irndit> of in the production or modification of any event, Moff fmall 

iii|f uf ifchwge' formed by the enlargement of a river, by which the 

lake is fupplied one end and evacuated at the other. The 
quantity of w^tcr in the lake itfelf will, in tbefecircumffances, 
be always more than w'ould be fufEcient to Eli its capacity, 
.taken ironi ihe level of the Idtveff point of difebarge. How 
much more it may be than this quantity will depend upon the 
itreams which enter and pafs out. An increafe in the quantity 
of fupply will keep tlie level b^er, and fu likewife will any 
increafe in the obffacles to its flowing off; and cm the contrary; 
if the fuytply fae diminilhed, or- if the facility of difemboging 
be encreafed, the level will be depreffed* * Thefe wilt 

take place moft ftriktngly at hi ff at that emd of ihe lake where 
the efficient caufe operates. When any changebasonce taken 
place, fuel) as that of the depreffion, it will continue for d 
fliort time after the caufe hasceafed to a^$ fo that the depref- 
iion would itfelf be followed by a rife, even if the circum- 
Ranees which raufed it were not alfofubjed tea like variation. 
Tkj» effect It Changes of this kind, on a fmall fcale, are obfervable 
^inhrooks dams, and even in llie fmootb placet in brooks orrivtdets, 

mi ffldl-jfioads. ^ 

may 


Tkj» tffeSt It 
ittxk in hrooks 
sad qi2il-|ioads* 
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Ittajr be obfefved by taking notice of fume part of the bank 
.Where a gently riling fand' may render the changes of level 

, more eonfpicQous, The variablcnefs of the weather at the It mull be mote 

I i ^ * 

( fpring and autumn, by occaiioning more frequent changes in 
the quantities of water, and confequentiy in the Hate of the tunin« 
rivers above and below the lakes in queflion muH render the 
feiches more frequent and extreme at Ihefe times. They wiH 
aifo be moll evident at the ends of a long lake; and the other 
circumHahees will be modified by events that for the moH part 
would require to be afeertained by obfervations of the local 
circumfiances and events on the fpot, 

• The diftindt portions of rough and fmooth furface called The dlftina 
fonlaiTicv, which are oWerved on the lakes, are very firikingl) 

Ccen at foa whenever a breeze fprings up after a dead calm, rough furt'«c«oa 
This efFeft is very remarkable, and may perhaps be accounted 
tor on the fuppofition that the incipient motions of the air may a calm, 
be attended with eddies (hat may z& more firongly on one part 
of the furfacc than anoiber. This however does not feem re- 
concileable with a certain fieadinefs of appearance with which 
the fmooth and rough furfaces i!ontinue dlHind from each other 
for certain lengths of time. 1 am not much faiisfied with the 
conjecture which offered ilfelf to me, or which may have been 
mentioned by feme other perfon when I was at Tea many years 
ago; but. it. ak lead de&rves to be noticed here. It U well 
known that wind, foarcely takes hold of water which is 
cpvered with #1^, oily film# and from, the experiments of Frank¬ 
lin and others we have learned that a (ingle drop of oil will Suppofed to «nfi‘ 
vapidly tpread over a large furface of water, and caufe all 
final! primary waves* to fubfide, rendering (lie furface extremely the water, 
fmooth. It- fepmed to^me not unlikely that oily matter from 
animal remains might rife to the furfacc of the fea during a 
calm and fpread itlelf irregularly over certain parts, which 
would oqntinae fmooth for a coniiderabie time after the light 
commencing breessc had ruffled the other parts. 1 thtnk iirom 
recolleflioa that tnis appearance could not have iafied more 
than a quarter of an hour; but it is very common, and 1 oiien 
law it. May not .a fimiiur caufe produce the appearance in —of the lake 
lihe lake of Geneva. 

The fonorous reports reiembling difcharges.of artillery Teem Thefonorous 

very likely tt) arife from the extrication of gas at the bottom 

of the water, which rifes and breaks at the furface. I iiave fuppofed 

TjO made by gsfes. 
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in water, pro¬ 
duced by atr 
blown flowly 
through the 
lungs at the 
depth of feveral 
feet beneath the 
furface» 
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remark ip o^akc on this fRbj^ but adrort to it 
U'iUi a view to mention an^ ^ 

emulated ta^w tlio a fmaii quantttf)i;Qf aC^ 

cendiog air c^n produce in If a I'wimmer fill \m 

vfilh air nibbling ag m«ch as poffible* and then divf^^^wn 
or defoendj into, the wayt/er to the depth ^ 

^re teet, ao4 tvJhen at that depth air out.of 

l^s mpufii,fbe will.bimfgif ,hcar.a Fparjijfg,noift^, Ot^d the (pop-^ 
Utorf-vviU Xee i^Ub farprife.tlie Tuff^e pi* the water raifed iato 
a^foand or oonicsditiars about g jardi^ height vyith the yvater 
flowing round on all fides qvexa furface pf feven pr pjghl fquarc, 
feetj J. bovP the noife of .Uiis nfing co* 

Jqnan pf water witi) the breaking of the bubbles of air would 
be very rpnsai^able in one of die fiill evenings or nights oC 
rummer, wbpn.Uie efTefl of noifes is remarkably more itn* 
prellive than when the lopder ^nnds of jl^he day repdpr theox 
lefs obleryab}ey j^pd in mapy inftances altogether inaudible. 
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Experiments fp ajftertain ihc heft Colour for marking the Heads of 
Pieces qf Cotton or Linen in iM roughs xe^ich Jhefi be capable 
of reJiftiT^ the Operations ef Bkachingt oswU as ihemoft 
eomjMcated Procejfes qf Cnlica Printings * without fjireaditig 
bqgmd the Limits <f the jlfr.'^yfA^rFMAKN,* 

« , . ' . t, < • ' V. ' ' * ' 

Prt^rties re« i-N order tliat a colour may be proper to mark piece goods 
^oired of every kind it is requifite that it iiiunld.contain no fubflancO 

TrlJ^ ^ ^ capable of iblution in aUuIies'^ H is^equally necrf&ry 

that its component parts ihould not become .whitc by oaygen»»v 
tion, and that they Ibould remain infcduble in acids«fufficienily> 
fifong for the bleaching procefTes, as well as for tbeoperations 
aBtecedent to the calico piinting. . ^ • 

on colours are Colours compofed Pf drying oil cannot tiierefiiMe, as I have 

yleld*to*tUtali«^ found, be ufeftil in thefe kiiid^of marks, becaufe they are nat 
Scc^ ' only attacked by alkaline and Jbapy liquids, but tlikewife be- 

caufo they dry flowly, and by fpreadiog beyond the Kmitsot 
impreifion, very often occafipn fpoU. . 


* Aanaki de.Chimiss 1«U1« gOftt 


If 
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14' tlie ce^fs of fpirituoiis varnifjies were, not lubjeQ to the Varn-./h colours 

jiii^cvovenjenoe of too fpeedy evapprafiop and drying tliey wonld this reVpcdt, 

beinadtniffiWcon aooilier account, namely, that ilie turpentine 

^ and nefifls are eufily converted into f'oap, Gara copal is equal- Copal yields x» 

ly unlit-for marking colours, becaufe it quits the piece by 

liiMpie ebullition i.n water. 3u( as the varni(b which 1 have 

Sade defends vefTejs of copper or any other roetal from th.e 

action of acids of a certain Qrengthiis well rs from that of the 

atinofpheFe, I have thought it might not be unacceptable to 

deferibe its compofition in this place. To obtain this varnifti Procefsformak* 

from copal as pale and clear as water, this gum muft be re- ^Copirio 

duced to very fine powder and expofed with twelve {^rts of powder h dlT* 

the fineft oil of turpentine for feverai days, or until it (haU be heat 

I t x tT I I 1 1 r j * 1 • agitaiion 

completely ditrolved at a moderate heat on a land bath m a in oii ot* turpen- 
capfule of brafs, tlone ware, or porcelain, taking care to ftir^*“®* 
li as often as polhblc with a rod of glafs. At the moment 
when the roniiftence of lynip begins to take place, the*enlire 
fol'ition of llje copal is eflecied by agitation, jjarlicularly if a 
fmall quantity ol‘ oil of turpentine be added from time to time 
to fupply the lofs by evaporation. Three fourths of the oil of 
turi>entiiJC vvhjcb is lufl by evaporation when open velfeU are 
ufed, may be faved by pcrfoniiing tlu'procefs in a long necked 
malirafs, which is to be e^c^mfed on a land bath a fufiicient 
time to complete the folution of the copal, and Qtaking it very 
often. The varuifti obtained by either of thefe methods be¬ 
comes ycljowifli if |he heat be.urgcd too flrongly; and as by 
its too glutinous condtlence it would be difficult in its applica¬ 
tion, it js convenient, inliead of diluting it with oil of turpen- The copal var- 
tino, to mix it with one fourth or one fifth part of its weight 
olculiofr taking care not to ufe loo much, becaule an excefrhoit 
would render ii of a milky white by the precipitation of part 
of the copal, which cannot admit in its folution more than a 
oertofn quantity of alpuhoi wilirout precipitating. VcOeis of Metallic vrtTcts 
brafs or pf any other ,metal may receive one, two, or three 
coalings of tbiMracniffi, and muA be each time well dried in them may be 
the oven. After this treatment they may be waflied with boH- ^ ^ 

iog water without injury, and may even be expofed to ^ itill out injury, 
greater heat without the varnilh coming off; but thdie 
muft not be rubbed with faud or other hard bodies. 

By^meansof oil of turpeptine, which evaporates and dries An oily comr 

lefs fpeudily than aloohol, 1 fuceceded in making a black com- fng rfnen 

polition odier goods. 
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pofitioiir which I expeded might be ufed with advantage in 
marking piece goods., For this purpofe nothing more is need-, 
ftil than to dillblve tlowly on the fand bath, and with conftatu 
agitation. One fourth of its weight of afphaltum or bitumenf 
judaicum well pounded, and afterwards to mix as much lamp 
black, or any other dark coloured mineral in fine powder, 
fttcrh as black lead, galena, or the like. This colour may 
be had more <Mr lefs thick, by due proportions of the oil 
of turpentine and bitumen; it prints very well without 
running, if the proper proportions be attended to, and a 
little oil of turpentine be added when it becomes too thick. 
This bituminous colour fopports the action of alkalies and 

of oxigen very well, and refills all acids of moderate 
ilrength. 

As I thought it unnecefTary to continue my experiments on 
oil colours, I made my experiments on watery compounds in 
the following order. 

Section 1 , 


FWt roaiking I diHolVed in four ounces of water one ounce of the fulphate 
ifmadi’ MangaBefe without its water of crytollization; that is to 
ofa tolutton af fay, it was in the ftate it pofTelTes when oxigen gas is pro- 
iulphate of man-cured from the black oxide of manganefe, by means of the 
with gum, and lutphuric acid, and by raiting the heat to ignition at the end 
covered wUh of the procefs. This folution was thickened with one dram 

bemfcAhcn adragan in powder, and coloured with lamp 

dipped in alkali, black, in order to diftinguifti exaftly the imprellion which 

eafily made with this black.falinc metallic mafs^^of 
brown oxide which neverlhelcfs, we cannot make eflK^ive ufe without 

which affords a plunging the end of the maHced piece into an alkaline ley, 

difeharged by taking care that it fliall not firfi be wetted with water, which 
We^aching, or by would Carry off the faline matter. The ley may be made 
proceffes!*"^ potafti or foda, in the proportion of one part alkali to 

nine or twelve parts water. It may be ufed in the fiate of 
carbonate, or rendered caufiic with half a part of quick lime. 
The precipitation of the oxide of manganefe from the marks 
by either of thefe alkaline folutiona will take p4ace (exclufive 
of Iheflatn from the lamp black) ^f a yellowini white colour, 
Hvhich will become more and more brown by attradling the 
Oxigen of the almofpbere. The change of th^fe marks to 
the brown, and even to a deeper colour inclining to black) 

wiU 
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wiil take place very fpeetlily by bleaching with the oxigenated 
.alkaline inunalic Icy, the pieces of which the ends have 
bci-n pltingod for a few minutes In the alkaline as before pre- 
Icriheti. Tlicfc marks of the brown oxide of manganefe 
rclift not onlv all ihe bleaching materials, and all acids of a 
requitile force, but likcwile the moft complicated procefs of 
manufacture of calico printing. 

Section II. 

If the acetic acid had not a much ftronger affinity with acetatp of 
mangancle than It has with iron, and if it difengaged if- 
felf as readily from the acetate of manganefe as it docs out the fame 
from the acetic folution of iron by evaporation and drying, 
we fhoiild be able to procure indeliable marks in the moil coitly itmuh br 
firnple manner, by depofiting the oxide of manganefe on 
piece goods by means of the acetic acid, and afterwards 
Jimply Icavincj flic oxlvle io the aftradlion and faturation of 
oxigen from th.* air. fiiC acetic folution ol manganefe is vciy 
readily obtained by mi\inj; a proper quantity of acetate of 
icad in u folution of lulphate of manganefe. But as tins 
acetic folution affords no advantage in marking piece goocls 
beyond lliofc of the fuiphate of manganefe, and as it requires 
prccilely the fame management as that deferibed in the laff 
ledion, and it is likewife more cxpcnfive, it deferves to be 
rejected. 


Stmm III. 

Two ounces c' fuiphate of magnefia diiToIvcJ in eight Sulphate of 
ounces of the acetic folution of iron, concentrated to the point ^etatc^o^ion^** 
indicated by twenty degrees, afford when thickened with treated as before- 
one fortieth part of gum adraquack, a deep yellow 
which becomes more and more brown, when treated ab- 
folutely in the fame manner asdefcribed in the firfl paragraph. 

The acetic folution does not, however, afford any other 
advantage but that of cauting the marks to dry a liitle more 
fpeedily; for the oxide of iron diffolves in acids accordingly, 
as it is oxigenated. I give the preference to gum-adragant 
for thickening colours, to other gums and to fiarch, becaufe 
thefe fubftances weaken the colours too much, if however, 
there (bould be any obje£lion to gum-adragan in coarfe goods, 
fiarch may be then ufed. 

Vox. XlIi^NoYSMJiXR, IS05. P IV. 
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Marks printed 
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gsinelc '-bt-dned 
In wjfliini: the 
refidu.tl lulphate, 
afford fixed 
marks b. timple 
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SeBion IV. 

If Care be taken in the procefs of difengaging oxigen ga^ y 
from a mixture of the black oxide of manganefo and iuipburic j 
acid, not to carry tlie fire fo ignition, the (aline relldue re¬ 
mains blackifli, inftcad of becoming ycliowifh white by ftrong 
heat. When this rcfiduc is difTotved in water, it leaves 
behind it an oxide of a deep grey, wliich acquires a very 
party confiftence on (he filtre. This oxide mixed witli a very 
little water thickened with gum adragant, may be uied to print 
marks of a very deep grey, which dries fpcedily; and this 
colour does not wa(h out with w'ater, even though the fub- 
fequent dipping in an alkali be omitted. It is lo Jixed that 
it not only fuppurts the a^Ion of aH acids of the inanutaclur- 
ing rtrengths, but likcwife all fhe bleaching and printing 
procertes without attracling the colouring matter of any dye 
whatever* 


Scclion V, 

AddU’um nf the If there were no reafon to fear injuring in a flight degree 
nitio murutcof where the mark is made, it would be advanlagwms 

inp oxidi-. It to employ equal parts of the laft delcnbed grey patlc, ana 
affords .1 d;t. a nitro muriatic lolution of tin, containing one fourth part 

of the metal, and thickened with gum-adragalh. This 
colour is as unalterable as that of the fourth (c^ion ; and it 
has the additional advantage, that its oxide of tin being fa- 
turated with oxitle of oxigen, attrafls (he colouring parts of 
any tinfturc, and acquires a puce colour by madder. I muft 
oblcrve on this occafion, tiiat by the fame madder dye, the 
colours of marks from the oxide of mangauelc fatuialed with 
oxigen, become of a deep puce colour, inclining to black, 
whereas in a Id's oxigcnaled rtate they acquire fainter fliades. 
In all tliefe circumflanccs however, it is requifite, that the 
quantity of metallic oxide rtiould be as great as poffible, other* 
wife the (hades will be various, and lets inlenle. 


StB/on VI. 


’Experiments 

With ne 
cipuii or rnin* 
and fedu* 

tK/fi iA 


As many infolublc metallic oxides acquire the property of 
adhering to fluff, by means of acid, Idid not fail to tiy whether 
the lame would be the cafe wiili the precipitate of inanganefe 
faturated with oxigen. For this purpoie 1 diflulveci one part 

of 



MARKING COLOUR FOR LINEN, &C- 


211 


of fulphate of mangaiiefe in fix parts of water, and prccipi- Experiments 

icled the mclal hy adding tn the point of faturation a caufiic ciiitate of man-* 
' alkaline leyt made with half apart of quick lime, lour parts gamfc and 
of water, and one part of calcined potafli of the fliops. The ®f 

precipitate was }’e!h*wi{h while. To the wliole aqueous mafs 
1 then added a iufticient quantity of oxigenated muriatic alka¬ 
line ley* unld the precipitate was completely faturated with 
oxigen, and its hi own colour became no deeper. I alter wards 
t'ollccled on a liltre the precipitate or brown oxide of nianga- 
iiefe, where, by the drainage of its water, it became pally. 

This brown pafte, mixed witli half its weight of tlie moll con¬ 
centrated acetic acid no longer afifoidcdany but a weakbrown- 
ifh fiiade; it was tiie lame with a finall adiliiionof one or the 
other of the lince ancient mineral acids in a fiale ot folution. 

I did not fuccced belter by mixing one pari of the fame brown 
pafle with an equal quantity of the aci'lic folution of ii(tn, 
marking ol the areometer of the faitpelre makers and 
tint kc ned ith gum adragantii. Tins acetic lolution of iron 
containing on!} the quantity of oxigen necefTary lor tiie lolu¬ 
tion of the metal ceafed by a lironger allinity, the excels of 
o’ligen of the brown oxide of manganele, which in its tuin 
Jiecame tlifToIved, and the mixture ol tiie two metallic lolnlioiu 
afforded a yellow reddiHi very deep and traniparent liquid, 
which confirm., tlie lact (liat a metal (aturated with oxigen le- 
quins iefs acid for its folution lhan if it were in an oppofto 
Hate, and that being then furniflicd with an excels of acid, the 
folution (aturated with oxigen can admit a portion ol another 
metal wiiliout becoming luibid. This inixcii lolution of the 
two metals afTorded me only a rufty yellow wliich was dif- 
charged by weak fulphuric acid comj)Ieiei}, in fomewhal Iclk 
lime lhan was required to take out a ruft fpol in a Iclk oxigcii- 
ated flate. In order to obtain from the rnixtuie of theic two 
metallic Iblutions an indelible maiking coIouFj it is neccllary 
that the marks (hould be llecped for leveral minutes in an oxi¬ 
genated muriatic a.kaline ley, to precipitate and fituraie the 
oxigen of tlie oxide of manganefe. By mixing halt a pa:t of 
the brown pafte of manganefe to two parts of tlie foluliort of 
the two metals the new portion remains mitouclKil and renders 
the whole turbid. This turbid mixture left onl> a light hrown- 
ini mark on'piece goods, which had remaiucJ long in the di¬ 
luted fulphuric acid. 

V 2 By 
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The muriatic By moans of the muriatic folulton of tin, which has the 

lakerilp" hr^x- P*‘<>pe*'ly of taking the oxigen from many vegetable, animal,. 
idesof ijonand and mineral fubflances and which, on this account, is very 
ofmaijgancfe. jp dying, as well as in calico-printing. We may dlf- 

colour and diflblve inflantly the deeped oxide of mangancfe 
and of iron, which proves the preponderating affinity of tin 
towards oxigen bc)ond that of inanganefo or of iron. 

N, There is no reafon to obJc£t to deeping the marked 
goods in an alkaline ley; the operation is fpecdily made with¬ 
out fenfible lofs of potafh or of foda, if the operation of lix¬ 
iviating be immediately proceeded upon, for which the re¬ 
mainder of the ley may be ufed. And generally, if the 
practice be uted which has been adopted for a number of 
years, of rendering the alcalies caudic with quick-Iirnc, the 
faving will be conflderuble and with better edeft. 


xni. 

on the Formation qf fFuter hj/ 7ncrc Comprejfion; luith 

Bcjlcdlions on the Katiux of the Ehdtric Sparky By A/. 

Biot,* 

It was fome time ago that^ in converfation with M, £er- 
thollet on the nature and properties of heat, 1 communicated 
to him the perfuadon I had, that the combination of hidrogen 
and oxigen gafes might be determined without the aid of 
electricity, and merely by a very rapid compreffion. This 
refult appeared to me a confequence fo immediately follow* 
ing the obfervations already made on the heat diiengaged 
from air by compreffion, that I thought it necdlefs to afeertaia 
it in any other manner. But having dnee converfed with Mr, 
La Place, he appeared fo intereded as drongly to urge me to 
a verification. I therefore made the experiment, which com¬ 
pletely fuccccded. It was made in the cabinet of the Poly¬ 
technic School. I am greatly indebted to M. Hadenfratz, 
profedbr of natural philofophy in that edabhfiiment, for the 

^ Read to the National Inditute of France, and inferted in th« 
Annalcs dc Chimic, LIJI, 321, 

great 


That oxigen 
and hidrogen 
may unite by 
prefiuic. 
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gceat altention he paid in caufing the requlfitc preparations to 
•be made, and for his perfonal afliflancc in repealing it. 

We took the f) ringe of an air-gun, tfie bottom of which Eacperiment in 
was clofed by a very thick glafs, in order that we might ob- 
ferve the light difengaged as iifual by compreCSon. This fy-gun filled up fo 
ringe was of iron; it had a cock on one fide to introduce the g^f^s 
gafes, and its lower extremity on the fide of the pidon was ot Infpcaion 
enveloped by a cylinder of lead, fufficienlly weighty to acce- 
lerate (he fall and render the cnmpiedinn more rapid. This wuh common 
apparatus was firft tried by introducing atmofplieric air; but 
though the experiment was made in the dark, no perceptible 
light was teen, probably becaufe the violent motion neceflary 
for the rapid coinpreflion, prevented ihe operator from look* 
ing fo direftly through the glafs us to perceive the Iranfient 
light which comprethou difengages, and which 1 mylelf had 
Icveral times feen. 

Immediately after tins trial a mixture of hidrogen and oxigen and afteiward*! 

, II- t r • 1 /i 1 • with a mixture 

gales was introchu’cd into the lynngc, and a Itrokc w'as given. oxigen and 
An extremely brilliant light appeared witli a loud detonation: hidrogen. 

The glafs Lollom was driven out: The copper ferew which troken^by'^** 
retained it in its place was broken; and the perlbn who held firong luminoufi 
the fyringe Iiad his hand fligluly burned and wounded by the 
force of the explofion. 

The experiment was repeated, by fubfiiiuting a brafs bot- Repetition with 
tom of one entire piece ferewed on inficad of that of glais, TiTc^fyringc^^* 
and a new mixture of the gales was introduced. The firll burfl. 
ilruke of the pilion produced ua cxplofion, which was heard 
like the loud crack of a whip ; but a (econd liruke with a new 
charge of tliegafes, cauled a detonation whicli broke or rather 
lore the body of the (yringe w ith a violent cxplofion. 

After thefe phenomena there can remain no doubt refpefl- 
ing the combination of the two gales; as It is known that 
this combiiKition produces the detonation by the immenfe 
<]nuntity of heat lifengaged when they pafs to the liquid 
iiate; a heat which is fufficient to reduce them immediately 
into vapour, and give them an excellive dilatation in that 
flate. It was not therefore thought necelfary again to repeat 
this experiment, which is attended with fonic danger. 

The theory oi thefe phenomena is extremely fim pie. A Theory, the 
:apid coroprcllion forces the gafes to abandon ^ 

quantity 
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quanltCy of heal, which not being capable of immediate dlfl?*- 
pation, raife't their temperature in the influnt fufficienlly to 
inflame them in (liis ffate of compreffion. 

Thus it is that we find in the two gafes all the elements 
necelTary for their combinalion, independently of the eleflric 
fpark or external heal. We might probably in the fame man* 
ner, and williouf any foreign agent, produce all the gafeous 
con^binalions which require an increafe of temperature. 

This identity of relults has led me to a notion wliich I 
fpa:k mv, roi- ^^*bnht to the judgnuMit of philofophers. It knitvsn, and M. 
fitl merely o( HerthoMel has (hewn it in his Clu'mical Statics, that electricity 
from comprciTctlpafiing ihrtMigli boilies, produces a true compreliion of their 
a;r. particles. This efibet is purlueed with tlie noft extreme 

velocity, as may be provcil b/ an afiinity of experrmenls. 
Now elc(5t:i( ity poilLiling a vcloc'ity (b great, it is impniiiblc 
that it PiKuild not ddenguge light Iroin the air, iince we can 
diUmgage it by a coinprtffion fo much lefs ra[)id, in this way 
it is that we are led to a conclufion, that this reiull of the 
eleCtric (park is the juiicly mechanical eiFcct of comprodion, 
^Torc ample cx- If we now compare what pali'cs in our coiulcnting pump 
jjl-injtion, Ihc ciuliiuncter ol Volta, we (hall find that the analogy 

cxtieme \rlocity , , ^ 

ol clcftijr mat- is complete. Only lltat in the firft cafe v\e ant obliged to 

ter will c(jnri:ie tiu* a:i, bceauff the veIocit\ we can give to the pit- 

conip.'cfs ircc . • . , ,,,, , " i ^ • , . » 

ton IS Jinntcd* Whereas m employing electricity, the pailiclcs 

are coniprellcd by a velocity fb great that they can never 

witlulfaw ihemlclves with fufficienl fpeed from its effort. 

Therefore the comprellion tnay be ecjually well made in the 

open air, togellicr witii (b^* dilengagemcnt of liglit or the 

fpark, which is its confequcnce. Rut this efi’e^l is local ; and 

if the gafes be not fufceptible of combining together, fliould 

alter each cxplotion return to their primitive dimenfions, lliey 

muft immediaiely refumc in this dilation all thn h<'at they 

had before dlleiigagcd, fo that there cannot be eficfled any 

lafting change in their conftilulion. This explains why no 

alteration has ever been feen in very pure unmixed gafes, 

when fubjefted to the adion of the electric fpark, 

and alfn thr rare This light which eleflricity difengages from the gafes by 

fluids in our it muft alfo dil’engage from the more rarified 

gafes, and on account of its extreme velocity, it ipuft difengage 

it even from vapours, when experiments arc made under (he 

rcceivei 


cuum* 
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^feceiver of an air-pump or in the torriceJian vacuum: For wc 
can never form a perfe6l vacuum witli our machines, and even 
in the lube of (he barometer meicury always exifts in (he 
form of vapours. Thide vapours, very rare, ftill con- 

tain a large quantity ol caloric, which the eleclncity mull dif- 
engage in its pallage by conipr»’lIi'»n; but iIjc mlLintan(*oijs 
augmentation of eleSriciiy which roluli'-, cai.uot hcct>ii.c leo- 
fihle on account of the little dtMtfilv ot the in'*dtur,t; but this 
inercat:; is perceivable in dciiler air, as wc let; in the initru- 
xnent called Kinneitley's thermometer. 

I'he confideradons whicij 1 Ir.iv’i; here made, ar'peai io me Cojulufion* 
lo point out Willi fonu: probability, that Uie piieno 'eerju 
called the c*lt\^ric* fpaik, is ov\ing lo the light ddengage^ ‘i.un 
the air by comprellion during the palTage of the tdecbu-’* ; 
fo that this phenomenon is purely mechanical, amt iir>l at ..il 
electric in ilfell. Tins is the notion winch I fuhrnit lo iiie 
judgment of phih'iopliers; li' it be t/ue, it nnifl tend eoidi- 
rleiuhlv to dlininidi the number ol IiypoUiercs which have al- 
reatly been made, or may be made on (lie nature of oiodii- 
city. For tins reafon it is that I have oficroii it to their con- 
fideraiion, requefling that it may not be be ihouglit that I 
coiitider It as ot greater imjxirtance than their dtdiberatc exa¬ 
mination may beliow' upon d. 


XIV. 


4ccouiit of Thermometers for res^ijicrin'^ the highejl avd loivcjl 
Temperalarcs in the .^bj'cnce oj (he Ohfrier, Bt/ F. A. 


To Mr. NICHOLSON. 


SIR, 


Many contri^’inces have been propofed and adopted for ThcrmometffrB 
regitiming all the flations of the thcimomeler and barometer, f^r^egrmng* 
by means of a float or other equivalent inflrument carrying a the weather, 
pened, which marks its fituation on a lurlace gradually moved 
along by means of a clock- Thefe, of which nielcorologiftt 
know the value, are nevcrthelcl'' expenfive, and require a 
j;}cgrec of car^ iuid management fuflicient to render fimplcr 

contrivances 
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fiu'i tfaemo- 
neter* 


Objcftions to it* 


Another ther« 


contrivances acceptable. Mr. James Six oommonJOaidt» 
about 25 years ago, to the Royal Society a thermometerf in 
which two fmall indicating pieces were driven by the fluid in 
the tubes to flations where they iiuck, and remained after the 
change of temperature, and Ifaewed the higheft and lowed 
degrees that had occurred fioce the lafl placing of them in 
contact with it. As this inflrument is fufficiently known, and 
I am now to advert to a Ampler contrivance, 1 will difmifs 
that fubjefi and advert to this lad; 

In Air. Six’s complicated thermometer the tubes were ver¬ 
tical, and the indexes fluck in the glafs by their fpring; be- 
fides which, a fmall piece of Heel wire being expofed to alco* 
mom 11 h length oxided and fet faft. The other contrivance 

Aews the great- London (bops, and refpeciing which 

and Jeaft you will do an acceptable fervice to your readers and the 
temperatures, feientific world, by inferting a (ketch in your Journal, confifls 

Amply in two thermometers^ one mercurial and the other of 
alcohol {Fig, J, PI, X.) having their (terns horizontal; and 
the former has for its index a fmall bit of magnetical fleel wire, 
and the latter a minute thread of glafs, having its two ends 
formed into fmall knobs by fufion in the flame of a candle. 
Defcription. It The magnetical bit of wire lies in the vacant fpace of the 

mercurial thermometer, and is puflied forward by the mercury 
v'hich thews ihe whenever the temperatuie rifesand puflies that fluid againftil: 

when the temperature falls and the fluid retires, this index 
meter for the l^ft behind, and confequently fliews the maximum. The 
nvwmujn, other index, or bit of glafs, lies in the tube of the fpirit ther¬ 

mometer immerfed in the alcohol, and when the fpirit retires 
by depreflion of temperature, the index is carried along with 
it in apparent contaft with its interior furface: but on increafe 
of temperature the fpirit goes forward and leaves the index, 
which therefore (hews the minimum of temperature fince it 
was fet. As thefe indexes merely lie in the tubes, their re¬ 
finance to motion is altogether inconfiderable. The (ieel in¬ 
dex is brought to the mercury by applying a magnet on (be 
outfiile of the tube, and the other is duly placed at the end of 
the column of alcohol by inclining the whole infirument. 
Qoeftion. Why I beg you will explain the motion of the glafs index. I cart 
^!c”«l!Lys eafily underfland from the general faft thai fuetcury rtpeh 
tMias ia the that this fluid wdl drive the fieel index before k ] but I cannot 

make 
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^ke out to my falis&fKon, how the fpirit, by attrading gtafs, 

* can prevent the other index from ever riling out of its furface. 

Perhaps this thing may be already explained in elementary 
books; but whether it be or no, 1 am fare that an account in 
your clear and popular way cannot be thought fuperduous* 

I am refpedfullyi 
Sir, 

Your obliged 

F. A. 

REPLY.—W. N. 

When the furface of the column of fpirit is viewed by a ExpUnadon* 
magnifier, it is feen to have the form of a concave hemifphere, 
which fiievvs that the liquid is attracted by the glafs. The traded bey<^ 
glafs in that place is confequently attradled in the oppofile 
direflion by a force equal to that which is fo employed in to it and draw it 
maintaining that concave figure; and if it were at liberty to 
move, it would be drawn back till the flat iurface was re- 
flored. Let us fuppofe a fmall fiick or piece of glafs to be 
Joofe within the tube, and to protrude into the vacant fpace 
beyond the fiir&cc of the alcohol. The fluid will be attradled 
alfo by this glafs, and form a concave between its furface and 
that of the bore of the tube. But the fmall interior piece 
being quite at liberty to move, will be drawn towards the 
fpirit fo long as the attradive force poirelTcs any adivity; that 
is, fo long as any additional fluid hangs round the glafs; or in 
other words, until the end of the flick of glafs is even with 
the furface. Whence it is feen that the fmall piece of glafs 
will be refifled, in any action that may tend to protrude it 
beyond the turl'ace of the fluid; and if this reiiflance be greater 
than the force required to Hide it along in the tube (as in fa£t 
it is), the piece mull be Hided along as the alcohol contraQs; 
lb as always to Veep the piece within the fluid* And this 
flsfl is accordingly obferv«d to take place. 


Ahjlra^l 
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AhftraS of a Memoir on MilL By il/. Thenard,^ 


I 


Cflfnr^n''ntparts 1N a memoir which I read to the Philomalic Society In 
«tmi Praircal laft, 1 {liewed tliat milk always contains the free 

acetous acid in a grcali r or lels quantity. At the fame period 
MclTrs. Fourcroy and Vauquelin found that it alfo contains 
pliofphate of magnctiaj and that the laflic acid of Scheele, or 
that which is obtained from ferum of milk fpontaneoufly coa- 
gulatedj is merely the acid of vinegar combined with an ani* 
mat matter. So that in the prefent flatc of our knowledge 
we muft confider milk ascompofed of, 1. Water; 2 Acetous 
acid; 3, Cafeous matter; V, Bntteraceous matter; 5. Sugar 
of Milk; G. Extradive matter; 7. Muriate of foda and of 
potatli; 8. Sulphate of potafli; 9. Fholphate of lime; 10. 
Phofphatc of magnefia. 

Of thefe eleven fubflances there is one which I particularly 
examined fome months ago, namely cream, 1 was defirous 
of afeertaining the circumflanccs which govern its feparaliont 
Rnd particularly its transformation into butter. 

The reparation J had before obferved that milk coagulates as readily in 

bttUer d^es*iiot open vefTels; I know that no gas is difengaged in 

rc-quir.'avccfsof this depoaipolilion, and that, in order to elTcd it with ra« 

pidity, it is needful only to raife the temperature to between 
20^ and 40^ (Reaumur J fuppofe; and, if fo, anfwering to 
77® and 122® Fahrenheit). It was clear, therefore, that the 
air contributes neither to the formation nor the reparation of 
cream, but that it exiRs ready formed in milk; but it remained 
to be flicwn what are the principles which enter into its com* 
pofition. Being perfuaded, from various obfervations I had 
made, that it is only an intimate mixture of butter, cheefcj 
and ferum, I proceeded to ufeertain this point by mixing a 
pint bottle (Englifh quart) of recent cream nearly to its 
from which I difplaced the remaining air by carbonic acid. 
I then dofed it well, and agitated it ftrdingly in ^vory direflioii 
for half an hour; at the end of which time the contents having 


au 


® Soc. Philomath, No. 96* 


become 
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fcccome very iMcV pa)-' a^llK'rin”; ftrongly lo Ihe fiilcs of the 
boUle, gradually becaiiie dclaciu d, and foon afU'i were 
converted into a white liquid, in llie midft of which Twam a 
yellow mafs of excellent butler. Hence it follows, li.a* the 
butter exifts in the milk, and is feparaled when llie milk, 
being deprived of llie vital adlon, is left to ilfelf. At this 
lime, O'd.er by the formation of an acid arifing doubtlcls from 
a decompofilion of the extractive niatler, or perhaps from the 
lefs (pecitic gravity of the butter compared vvilh that of the 
cheefe; tor the butler begins to feparale almofl at the moment 
that milk is poured into a v(‘freitlie milk is decompofed, 
the cream rifes to tiie top, and Irom ihisUft, by agitation, and 
more pariiciilaily in’ i!k: aiiillance ot a temperature between 
] j*-’ and *20^ lo 71^' F.), butler is obtained together with Procefs of 
butlcr-inilk, which is a while v<*r> mild liquor, in which 
butter and clieefe are falpended in a very divided fiate. But 
the butler thus obtained n not puie : It (till contains a portion 
of cheefe amounting (binetimes to the fixlh part of its weight; 
and this is the caule of its fpeedily becoming laneid, parti¬ 
cularly in (uinmer, Wlien the clicefy matter is feparnled by 
ftifion, the butter may be kept a long time. It is true indeed^ 
that by this fulion it acquires atj acridiiefs which greatly limits 
its ufes, and makes it unfit to be eunployed in frying; but Ihisi 
difad v antage migl^bc remedi(»d by kc«'ping the temperature 
much lower tlian is uftiaU* Cloud fnlt made this obfervation; 
and hence llie following procefs may he adopted for purifying 
butler, or (cparaling llie theefy matter without giving it a bad 
tafte, 

I. Let the butter be melted on the water bath, or at a degree Purification cf 
of In at not exceeding the Gt)^ of Reaumur, 2. Keep it melted 
till all the cheefy matter is colle^ed in white flakes at the hot- the cheefy part.- 
tom of llie velfel, and the melted butler is tranfparenl. 3. At 
ttiis period decant it, or pats it tlir</ugh a cloth. 4. Let it be 
cuoIcJ in a niixU' e of equal parts of pounded ice andfea-falt; 
or if ice cannot he procured, then in cold fpring-w^atcr, making 
ufe of broad fliallow v^fels. Without this precaution the butter 
would become lumpy by pryflallizing, in which tlate it could 
not be ferved at table. Betides which, the parts being con* 
denfed by this fudden cold, are found to retift the aflion of the 
air mure eflfeflually, W'ith this laR intention it is alfo proper 

to 
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£o cover the pot in which the butter is kept very exa^Iy, and 
to place it in a culd expofure, fuch as a cellar. By this treat* 
xnent butter may be kept lor fix months or more, and will be 
nearly as good as frefh butter, particularly after the top is taken 
off. It is even poflible to give this fiifed butter to a certain 
point the appearance of frefh butter, by beating it with one 
fixth part of its weight of the cheefy matter; and fo llkewife 
rancid butter may be coniiderably amended by the procefs of 
fufion and cooling here preferibed* 


SCIENTIFIC NEWS. 


Tanpcru:?ire of iht Sea^ 


G(*.neral 
rc-fpefting the 
temperature of 
tlie lea. 


At great depths 
it IS eternally 
frozen* 


IVAR, PIRON has lately communicated to the French Na¬ 
tional IntliUite a memoir on (he temperature of the Tea; an in- 
tereftirg fubjeCl, capable of being applied to various ufeful 
purpofes, and which has accordingly engaged the attention of 
a confiderable number cf philofophical obfervers. His ge¬ 
neral fads are, 1. The mean temperature of the fca at its fur- 
face is commonly more elevated than that of the air. 2. It is 
higher the nearer to the continents and la^c idands. 3. At a 
diflance from the (liorc in deep Teas the mter is colder below 
than at its furface; and the more the greater the depth. All 
the obfervations feem to (hew, that in the abyfles of the ocean, 
as well as on the fummits of mountains, even under the equa¬ 
tor, eternal fruft prevails. 4, A fimilar cold is obferved in 
extenfive lakes, and even within the earlh at great depths, but 
it appears to be lefs fudden. 5* Thefe refulls concur in proving, 
that the temperalure within (he earth is not every where the 
fame and equal to 93^^, as has been long thought (about 30? 
Falir. whether this be centigrade or Reaumur^s fcale,) 



Spent Oil qf the Curtkrs» 

Concerttitig the The procefs by which the curriers impregnate (heir (kins is 
^*nds uS*4n ” fmearing the oil upon (he wet Ikin, into which it penCf* 
surryingleather* tralesas the momure evaporates. A pure oil could not perhaps 
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be thus fpread^ and mod probably would not enter the tkin 
^ with thedefired ctfcfl, or render it as fupple as that oil which 
from experience they are led to prefer. 

The celebrated Seguin has dire6led his attention to this in« 
gredient of fuch extenGve manufa£loring utility. He remarks^ 
that this material (by the name of Degras) isT>f tw'o kinds in 
France; viz, the common fort and that of Niort. The Gfll is 
the immediate produ6t of the chamoying of (kins, which are 
cleared of their fiirplus oil by folution of potafli. It therefore 
contains not only foap, but likewife gelatine. It is evaporated 
to drynefs and then fold as Degras. At Niort it is decompofed 
by fulphuric acid, and the precipitate is called the Degras of 
that town. 

Mr. Seguin finds by analyfis, that this lad is oxigenated oil, 
whereas the oilier is a compound of foap and gelatine. He 
fucceeded in giving to whale oil all the properties of the 
Degras of Niort, by boiling one pound for a few minutes with 
half an ounce of nitric acid at 25 degrees. He obferved that 
Tio gas is difengaged in this operation; but that water and ni* 
irate of ammonia are formed; and he concludes that the oil was 
oxigenaled, not by abfurbing the oxigen of the acid, but hj 
yielding to it partot the hidrogen which was one of itsown cozn*- 
ponent parts. The refult is the more intereding, as the Degraso( 
Niort being much more edeemed than llie common fort, the 
curriers may hereafter, indcad of paying a great price for It, 
make it in as large quantities as they pleafe by following the 
procefs here indicated* 


Note reJpeBing the Decampq/ition of Sulphate tf Lead by the 
Muriatic Add. By M. Descotils 


If the fulphate of lead be treated with muriatic acid rather Sulphate of leal 
concentrated, that metallic fait is totally diffblved, provided 
the proportion of acid be rather in excefs. This folution re- 
quires heat to effe'fi it. Upon cooling, the muriate of lead hy 

crydallizes in great quantity; and it is much Ipeedily 
obtained by the addition of a fmall quantity of cold water, water, and may 
If the fi^ernatant fluid be feparated from the crydalliawd (alt, 

acid. 




^ Soc. PfaUom. No. 9^. 
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Another'm- 
ftance in the 
snalytisof anti 
nonial gakna* 


Account of the 
late eruption of 
Mount Vefu- 
uius. 


a precipitate is obtained from the former by muriate of barj^tejt. 
The muriate of lead is foluble in water, and may be almoft en¬ 
tirely decompoted by fulphuric acid, which forms fulphale of ' 
lead. 

This fafl deferves to be carefully examined with relation to 
the pla)/ of affinities; and it may be of importance in the 
analyhs of mineral and metallic fubftances. In fafl, if atl 
alloy contain a Imall quantity of lead, and it were necefTary, 
in order todilfolve the alloy, to employ the nitro-murialic acid, 
it would be very poflible, and I have found it fo^ that ful¬ 
phuric acid would not indicate the prefence of lead. Thq 
following is another indance: If an antimonial galena bo 
treated with nitric acid and lulphate of lead thus formed, this 
lad would be decompofed by the muriatic oil {qu, acid r) which 
might be employed to take up the oxide of antimony, and 
the muriate of lead would remain diflblved after the addition 
of water. If care were not taken to examine the filtered 
liquor, a lofs would be experienced which it w’ould be difficult 
to account for. 


ExiraSt of a Leiierfmn Naples^ dated 1.1. 

** Yefterday at ten oVIock ,at night, the eruption of Vefu- 
vius, of wdiich the earthquake feemed to be the forerunner, 
took place. We were going to vifit the crater when the cries 
of the people arid a volume of flame informed us that the 
volcano had opened. The lava precipitated itfelf in throe 
feconds from the lafl peak of the mountain and took a direfliou 
towards the valley, fituated between Torre del Greco and 
Torre del I’Annunziata, two towns on the fea coaft, beyond 
Portici, and feven or eight miles from Naples. 

We fet off immediately to fee this wonderful and tremen¬ 
dous phenomenon nearer. From the place of our departure, 
we faw the whole courfe of the lava, which extended neaily 
two miles, from the crater to the houfes that join the tw'Q 
towns. The fight was the moft magnificently frightful that 
could be feen. I contemplated the cafeades of flame pouring 
from the lop of the mountain, and fliuddered at feeing au 
immenfe torrent of fire ravage the fineft fields, overthrow 
houfes, and deftroy in a few minutes the*hopesand refources 
of a hundred families. 


A line 
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A line of fire marked the profile of the mountain: a cloud 
, of fmoke, which feeroed to fend forth from lime to time flaRie^ Mourn Vcfi*- 
of lightning, hung over the feene, and the moon appeared to viua. 
be pale: Nothing can adequately deferibe the grandeur of the 
fcenei or give an accurate idea of the horror of it. As vve 
approached the fpot ravaged by this river of hell, ruined iti- 
habilants having quitted their houfes—defolaled families trying 
to fdve their furniture and provifions, latt and feeble refourcc 
—an immenfe croud of curious fpeSalors, retreating flop by 
ftep from the advancing lava, and teftifying by extraordinary 
cries their wonder, fear, and pity—the frightful bellowing oif 
the mountain, the frequent explofions which burfi from the 
bottom of the torrent, the crackling of the trees devoured by 
the flames^ the noife of the walls falling, and the lugubrious 
found of a bell, which the religious of the Camaldules, ifolaled 
cn a little hill and furrounded by two torrents of fire, rang in 
their difirefs. Such are the details of the frightful fccne to 
which I was witnefs. 

The moment we arrived the lava was eroding the great 
road below Torre del Greco, To fee it belter we got into a 
beautiful houfe on the road fide—from the terrace we faw the 
fire at no more than fifteen paces from us—in a miniue we de« 
feended, and twenty minutes afterwards there remained of (he 
houfe but three large walls, 1 approached as near as the heat 
and flow of the current would permit me, I attempted at dif¬ 
ferent limes to burn tl)e end of my handkerchief in it—I could 
only do it by tying it to my cane. The lava does rot run in 
liquid waves; it refembles an immenfe quantity of coals on 
fire, which an invincible ftrenglh had heaped up and pulhed 
on with violence. When it met with a wall, it colleded to the 
height of feven or ten feet, burnt it, and overthrew it at once, 

1 law fomc walls get red hot, like iron, and melt, if I may ufe 
the exprelCon, into the lava. In its greatefi fpecd and on 
an horizontal road, 1 reckoned that the torrent travelled at the 
rate of eighteen inches a minute. Its fmell refcmbled that of 
iron red hut. 

Morning Chronicle^ 


ApplicatkG 



fteiBHTirie hkwi. 



Applicative Compqfe for tiAit^ Searings on a Chart, by N. D‘< 

Stargk, Efj. qfth( Royal Navy, 

Compait for Tliis inflrument, feen in Fig. 6, Plate XI, conflils of an 
talcing bemngs^ inner and outer brafs concentric circle: the latter of which, 

when in ufe, is to be applied to a chart, fo that its cardinal 
points may agree with thofe of the draft, and its central (me* 
tallic) point be diredly over the fliip’s place. Tlie inner circle 
is to be fet to the variation; and the thread from the center 
being laid, will tliew either bearings by compafs, or true 
bearings, according to the circle upon which they are read. It 
is obvious alfo, that the inArum nt may be ufed in delineatin^, 
plotting, and for various otnvr ufeful purpofes. 
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ARTICLE I. 

On ihc Divifton of an Arch of a Circle into tv;o fuch Paris, that 
their Sines, or Connes, or rerfid-Sines, ^fhall have a given Z;c- 
lation. In a letter from John Gou c h, ifq. 

To Mr. NICHOLSON. 

SIR, 

JBeING at prefent on a vifit to my friend Michael Fryer* introJuftorf 
teacher of the njuthcmarics at this place, I have availed myfelf 
of the opportunity to confult liis very extenfive mathema¬ 
tical library, with a view to difeover how far llie following 
theorems and problems are original; tliinking it poffible, at 
leafl, that fimilar propofilions might be met with in the works 
of the early geometricians particularly in the traQs on An* 
gular Sedlions, by ^ ieta, Oughlred, Wallis, and others, which 
1 had never before been able to meet with ; but I have found 
only one of them to have been already treated, of which no¬ 
tice (hall be taken in its proper place: ncverthelcfs, it is not 
improbable but that dmilar theorems and problems are fcattered 
up and down in the diflferent works on geometry at prefent in 
exiflence: As this etlay, however, may claim the merit of 
VoL, X11 .~D£Ckm£sr, IdUd. Q 
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exfilbltiiig dieitt in <^ne view, and, which Is equally defirabl## • 
of deriving them from a general principle, I have ventured tO;. 
offer it for infertion in your Journal. 

JOHN GOUGH. 

Reelh, near Richmond, Yorkjhire, 

Auguji 28, 

Proposition !• Theorem. 

OWifioB of an Let A F be the arch of a circle, (See Fig. 1, PI. XII.) A P 

a tangent at A; FP a perpendicular loAP, then A P is 
hafingthV * equal to the fine of AF; FP, the part of the perpendicular 

intercepted by the tangent and the point F in the arch, is 
giveo ratio* equal to its verfed fine; and the fame line, P M, intercepted 

again by the circle in M, is equal to the verfed fine of its fup 
plement. 

Denionfiration, 

Draw the diameter A K, and the fine FS perpendicular 
thereto; alfo from the center O, draw O L at right angles to 
PM; then, fince PA touches the circle in A, PA K is a 
right angle, (Euc. iij.) Alfo, the angles FPA, ASF, 
are right, by confiru£lion; therefore A S F P is a paralielo* 
gram, the oppofite fides of which are equal, namely, A P = 
the fine S F, and P F = the verfed fine A S, (Euc. 3 k i.) 

Again, fince O L is perpendicular to PM, It is parallel to 
AP and S F, therefore P1^ = A O, or OK; and F L = 
SO, (Euc. 3K I.)—But FL = LM, (Euc. 3. III.) Con- 
fequently PM = SK, or the verfed fine of the fupplemcnt 
AF. Q. E.D. 

Pkopositton II. Theorem* 

If AF B be an arch of a circle, (See Fig. 2.) and A P, B R, 
be tangents at A and H, from any point, F, in the circum¬ 
ference, draw F P, F K, perpendicular to the two tangents, 
and F Q alfo perpendi cular to the chord A B, then will the 

redlangle PF x FR ; and the reflangles AP x 

Q Kj and A Q x Q B, will alfo be equal. 

Demonfiralion^ 

Join A F, F B, and the triangles P F A, Q F B, are equi¬ 
angular, bccaufe they are right-angled at F and Q, by con- 
ftruSiOn; and the angles PAF, QBF, are equal, (£uc. 


Jherefore, 



DIVISION 07 A CIA^if# 



Therefore, asAF:FB::PF:FQ. OlTifion of an 

>Alfo, the triangles QFA, R F B, are equiangular, for the 

fame reafons. h„i„g dicir 

Therefore, asAF;FB::FQ:FR. fine#,oroofiaei, 

Confequenlly, asPF:FQ::FQ:FR, (Eac. 11. V.) ^ ^ ' 

And PF X FR = F Q>, (Euc. 14. VI.) 


Q. E. 1® D. 

Again, by the fame triangles, asFA:FB::AP :BQ., 

and asFA:FB;:AQ;BR; 
hence, asAP:6Q::AQ:BR, 
Whence APx BR = BQxAQ; 

Q. E. 2® D. 

CoroL 1. Produce the perpendicular FQ till it meets the 
circumference again in G, and PA x RB = FQ x QG: 

For PA X RB = AQ X QB by the propofition; but 
AQ X QB = FQ X QG, (Euc. 35, III.) 

CoroL 2, If the lines P F, R F, meet the circle again in M 

and N, then will PM x R N = Q : 

ForTPl* = FP X PM, and“BRt* = FR X RN, (by 
Euc. 36. III.) 

Tlierefore, as’IH* :FPx PM::FRx RN : 

But aT',®: FQ x QG::FQ X QG 
by Corol. 1. 

And P F : F Q :: F Q : F R, by the propofition. 
Therefore, 

PFxPM:FQxPM::FQxRN:FRx RN, 

Hence, 

FQxQG:FQxPM::FQxRN:FQxQG. 
Confequently, PM x RN = Q 

Corol. 3. Draw the diameters A K, BD, and make FS, 
F T perpendicular to A K, B D ; then A K x BT (the reft- 

angle of the verfed lines) = VcJ]* ; S F x F T (the re£l- 
angle of the fines) =r A Q x Q B; and S K x TD (thq 

redangle of the fipplemenlary verfed fines) = CiG)*. Thefe 
things follow from Props. I. and II. 


Proposition HI. Problem. 


To divide a given arch of a circle {A B) into two parts (A F. 
FB), fo that the redangle of their verfed fines {AS, BT) 
may bc^equal to a given magnitude, or fquare, {m x 

Q 2 Con/Iru^loH, 
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€onjiruftion» 

TTiviffonoftn From any point, Y, in the right line AB, draw Y W at 

Ste Mo*parted right angles to the lame, making it equal to the given right 

Kivtng their ^***0 tn ; through W, parallel to Y B, draw W F, and let it cut 

fines, or coitMSf (hg arch A B in F, then will A F, F B, be the required arches, 
or nnei| m a ^ ^ i 

Riven ratio. 

Defnonjtration, 


Draw F Q perpendicular to YB, then F Q* = W Y* = 
j« X fn; by Conti, and Euc, 31*. I.; but the reflangle of the 
verfed fines of A F and F B = F Q)*, (by Cor. 3. Prop. 11.) ; 
therefore this re6langle is equal to m x the given fquare. 

Q. E. D. 

Proposition IV. PitouLEM. 


To divide A F B, a given arch of a circle, (See Fig, 3.) into 
two parts, A F, F B, fo that the re^anglc of their fines may 
be equal to a given fquare, (n x rtj ? 


ConJlructinJt, 

To make the conflruflion general, let A F B be greater 
than a fexnicircle, join A B, and in it lake Q, making A Q 
X QB==;ix n ; alfo in A B produced take (j, fo as to make 
A^x qB X n; draw Q F, qfgt perpendicular to A B; 
then will A F, FB, or A g, g B, or Af, /B, be the required 
arches. 

Demortjlration, 

This is evident from Cor, 3, Prop, IL and the confiruclion. 

To find the limits^ bifcfl A B in Z, draw alfo the radius 
O N parallel to Z B, and make N E perpendicular to A R 
produced; then, if « x n be greater than A Z x Z B, F is 
an imaginary point, becaufe A Q x Q B cannot exceed A Z 
X Z B, by Euc, 5. IL Again, if n x n be greater than A E 
X E B, the points /, g, are imaginary, becaufe Aq x q B 
cannot exceed AE x EB, feeing EN touches the circle in 
N, and is parallel to qg: Thefe things being premifed, it 
will be eafily perceived, that when A F B is Jefs than a femi- 
circle, it can only be divided in one point to anfwer the con¬ 
ditions of the quefiion, becaufe the point N will be in the op- 
pofite fegment • but when it exceeds a femicircle, it will ad« 
mil of being divided into one, two, or three points, according 
to circumfiances, or even (he conflruftion may prove tmpof- 
lible. Q, E. D, 


Scholium 
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SchoUuntm 

This problem k conflrufted at page 342 of the Appendix to DWfionof jwi 
Simpfon*s Algebra, 2d Edition; and at page 140 of his Selefl 
E^ercifes, lit Edition; but the conj[lru£lions given by that having their 
able geometrician do not fhew the various limits of the quef- 
tion with that degree of perfpicuity which appears in the pre* given ratiot 
font method. 

Lemvia^ 

Let A B C D be a fquare, (See Fig. 4.) from any two ad* 
jacent tides of which, C B, CD, take the fegments T C, 

C S, then will the rectangle of the remaining fegments BT ' 

X SD =:1^»4.TC xCS-BCxCT-BCxCS. 

Demonjlratioiu 

Draw S G, T H, parallel to B C, C D, and let them inter* 
fcdl in F ;— 

Then the reSangle FTCS=TCx CS, 
and the rcdiangic FHAG=BT x SD, 

But F H A G H- G B C S + H F S D = the fquare A B C D; 

(Euc. I. II.) 

Add FTC S to both. 

Then FH AG + G BC S + TCDH = ABC D + FT CS; 

Bui C D is equal to B C, 

Therefore FH AG = A BC D + FTCS - BC x CT - 
BC X CS; 

That is, BT x SD = bT?)=+TC xCS-BCxCT- 
B C X C S. Q. E, D. 


pRopos4TioN V. Problem* 

To divide A F B, a given arch of a circle, (See Fig. 5.) 
into two parts, A F, and FB; fo Uiat the rectangle of their 
colines may be equal to a given fquare, k x k? 

CmJlru&ion» 

Join A B, and from the center, O, draw O Z perpendi* 
culartoAB; in Z O take ZV equal to the given line, k, 
and join B V; draw the diameter, HA, parallel to AB, and 
divide it in I fo as to make HI x IA = B V)® ; from I draw 
IQ perpendicular to A B, and when produced let it meet the 
given arch in F j then will A F, F B, be the required arches, 

J)cmonJtration% 



m. 


91V1IX0K 6F a CIRCXB; 


Demtmftration. 

DifttonoTait PI meet the circle again in G, dravr (he diameter^ ‘ 

J&of « circle A K, B D, and the fines F S, F T; 

Then the cofine OS = OA-AS. 

flaeii orcoifines, and the cofine OT = OB—BT = OA — BT; 

Jveii Sc!‘“‘Hence SOx OT s= AO\‘+ A S x BT - AO x AS- 

AOx BT; 

Bat AS X BT = by Prop. II. 

Therefor Cf _ _ 

SO X OT =T0]*+T^»- AO xAS-AOxBT. 

Again, KS=::. 2 AO-^AS, 
and DT = i2AO — BT; 

Hence, KS x DT = lAO\* +ASxBT-2AOx 
AS-2AO X BT; 

But K S X D T = by Cor. 3, Prop. II. 

Theref ore, ^ 

4Xo\»+'F^* - 2AO X AS - 2 AOx 

F^* om* 


Hencf, AOxAS + AOxBT = 2 AOV + - 

4» 

BulSOxOT = AO* + FQ*-AOxAS-AOxBT 

=^L^*+a£i-T 5 )*. 

2^2 

FQ = FI- IQ = BP- OZ, 
andGQ=:GI4-IQ = BV4-OZ; 

Hence ='BV1* + OZ)»; 

Confequenlly, S O x O T =ir^* - AO^» 

But"^^* rrBO^* -"oa* =:'b^*; 

Therefore SOx 0T="BV1* -"B^*z:T21», 
(Eqc. 47.1.) ” t X i, by conftniflion. Q, E. D. 

Lindtation ,—If Z V be greater than Z O, B V will be 
greater than BO; f. r« F G will be greater than H A, which 
is impoffible, £uc. 13. 111. therefore Z V, ork, cannot ex¬ 
ceed Z O. 


Provosition VI. Problem. 

To divide AFB, a given arch of a circle, (Set Fig, 6.) 
into two parts, fu tltat the fum of their verfed fines may be 
e^oal to R given right line, u f 


Confiru^on* 
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' Cofjftru&ion. 

Draw the radius AO« and the tangent BE; in AO (akeCKvIfionofM 
AI equal to the given line, u; and making IV perpendicular?^®^ 
to A O, let it meet BE in V; draw F V to bifeA the angle 
E V I, and let it cut I he given arch in F; then will A F, F B, ^ 
be the required arches. JvInS “ " 

Danorijlration, 


Draw the tangent A G, which is parallel to IV, alfo make 
F P, F K perpendicular to A G) B £, and let P F produced 
meet IV in H, 

Then fincc AG, IV, are parallels, and the angle H P A 
is right, F H V is alfo a right angle, (by Euc* 29. 1.) there-* 
fore it is equal to the angle F R V, (by conftruClion.) 

But the angles R V F, H V F, are alfo equal, (by confiruc- 
tion); confequently the triangles RFV, HFV, are equi¬ 
angular ; and they have one fide common, namely the fide 
V F; therefore F R — FH, (Euc, 4, VI.) and PF + FR 

P H ~ A I, (Euc. 34.1.) ~ w, (by confirudion.) 

But the funi of the verfcd lines of AT, FB, is equal to 
F F F R, (by Prop. I.) therefore tiiis fum is equal to the 
given line, u. Q. E. D. 

Limitation ,A 1 be greater than the verfed fine of the 
whole arch A B, the point F will evidently fall in the oppo- 
file fegment, and the cunfirudlion will be impolllbic. 

Again, fince the angle I V E is equal to the angle A O B, 
draw the radius O C, to bifed the angle A O B, and it will 
evidently be perpendicular to V F; therefore L C, a tangent 
at C, will be parallel to V F; confequently if AI be fo takem 
that V may lie in B L produced, the confiru£iion will alfo be 
impoflible; which will therefore happen when u is lefs than 
twice the verfed fine of the arch A C, or B C. 

CttroL Since the fum of the verfed fines of two arches is 
the fame with the diflerence of the diameter and the fum of 
the cofines, if the latter fum be given the problem may be 
conflruSed by the lafi propofition. 


PuoFosiTioN VII. Problem. 

To divide AFB, a given arch of a circle, ffi^. 7.) into 
two parts, fo that the fum of their fines may be equal to a 
given right line, w ? 


CovJlru&ioUp 
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Dlvlfitn of an 
•rob of a circle 
Into two parta^ 
having their 
£nei} or cofinesi 
. to* T« finesf in i 
^TCA ratio* 


Canfiru^ion. ^ ^ 

Draw the radii AO, OB, and the tangents AG, BE, in 
which take AS, B T, each equal to the half of w ; draw 
S N, TN, parallel to AO, OB; and through their inter- 
feSion, N, draw N F, parallel to S T, to meet the arch in 
Ff then A F, F B, are the parts required. 

Ikmonjlratwn. 

Draw F K, F M, parallel to N S, N T, and let them meet 
S T in K, M, and AG, BE, in P, R; then it is eafily 
proved that the triangles K F M, S N T, are equal and 
limilar, and that K M ^ S T; confequently S K ~ T M. 

But the angles KPS, M R T, are right, being equal to 
the angles O A G, ORE, by conflrudlion; and the angles 
K S P, M T R, are equal; therefore the triangles P S K, 
R T M, are equiangular, they are tuli^ore equal, (Euc. 4. 
VI.) becaufc S K ” T M; confcquei^y S P ~ R T; there¬ 
fore A P + B R n A S + B T — «?. 

But the fum of the fines of AF, FB—AP + BR; 
fum is therefore equal to 

Lhnitaiion ^—^Join A B, w hic h will be parallel to S F, alfo 
let the radius O C bifedl the angle A O B, when properly 
produced, or not, it will pafs through the point N. Now if 
N be in OC produced, N F, being parallel to ST, or A B, 
will not meet the circle; on the other hand, if N lie be¬ 
tween O and A B, F will be in the oppofile fegment of the 
circle, confequently the con(lru£lion is impofiible, unlefs N 
fall between C and the line A B, or in the verfed fine of 
half the given arch: Thefe things being premifecl, it will be 
eafily perceived that the fine of the arch A F B is the lefs 
limit of the problem, and twice the fine of A C its greater 


Concerning 
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II. 

Concerning the State in which the true Sap of Trees h depojited 

during Winter, hy Thomas Andrew Knight, Efq** 

It is well known that the fluid, generally calle<l the fap in The commoir 

trees, afeends in the fpring and lunimer from their 

and that in the autumn and winter it is not, in any confidci-mer, but notia 

able quantity, found in them ; and I have obferved in a former 

paper, that this fluid rifes wholly through the alburnum, or 

fap-wood. But Du Hamel and fubrequent nalurcilifls have 

proved, that trees contain another kind of Tap, which (hey 

have called the true, or peculiar juice, or fap of the plant. Xruc or ptcullar 

Whence this fluid originates does not appear to have been 

agreed by naturalifls; but I have offered fome fa6ts to prove 

that it is generated by the leaf f; and (hat it differs from the 

common aqueous fap owing to changes it has undergone in its 

circulation through that organ : and I have contended that from 

this fluid (which Du Hamel has called the fuc propre, and 

which 1 will call the true fap,) the whole fubflance, which is 

annually added to the tree, is derived. I fliall endc.avour in exlfts in the 

the prefent paper to prove that this fluid, in an during'^^nter. 

ftate, or fome concrete matter depoliied by it, exifls during Its fubfequent 

the winter in the alburnum, and that from this fluid, or fub- 

. , , pointed out* 

fiance, diflbivcd in the afeending aqueous fap, is derived the 
matter which enters into the compofilioii of the new leaves in 
the fpring, and thus furniflies tbofe organs, which were not 
wanted during the winter, but which are effential to the 
further progrefs of vegetation. 

Few perfons at all converfant with timber are ignorant, that winter or 
the alburnum, or fap-wood of trees, which are felled in the autumn felled 
autumn or winter, is much fuperior in quality (o that of other ^bmnuuV^re 
trees of the fame fpecics, which are iuffered to fland (ill the firm, &c. 
fpring, or fumme;: it is at once more firm and (enaci jus in 
its texture, and more durable. This fupenority in winter-»t- 
felled wood has been generally attributed to the abfence of the the 

fap at that feafon; but the appearance and qualities ei the ftp; 


woo4 


♦ See Phil. Tranf. of ISOl, page 336. 
f Philof. Traol'. p. 88. 
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wood fecm more juftly to warrant the conduiion^ that foijj^i: 
rnmhnt probably fubftunce has been added to, inftead of taken from it, and 
to Its pre eoce. many circuraflances induced me to fufpect inat this fubftance 

is generated, and depofiled within it, in the preceding fumwer 
and autumn. 


Foil grown ^ Ou Hamel has remarked, and is evidently puzzled with the 

cifcumftance, that trees perfpire more in the month of Auguft, 
when the leaves are full grown, and when the annual llioots 
have ceafed to elongate, than at any earlier period; and we 
cannot fuppoie the powers of vegetation to be thus adively 
employed, but in the execution of Tome very important opera-* 


Mftpd at this 
period the ve- 
geutive powers 
appear to be em» 
ployed in in- 
creafing the 
growth of the 
vegeuble* 


If this be the 
ctle. It fhould 
he fuUiid that 
the aqueous Tap 
snuft be altered 
in its afeent; 
and the winter 
Veiled wood will 
he denier. 


Kipenments, 
Bireh and fyca- 
snore In fpring 
gave Tap nioft 
aqueous near the 
h >ctom; but 
■denier and more 
liiccharine the 
lughcr up. 


lion. Bulbous and luberoufi roots are almoU wholly genera:ed 
after the leaves and Hems of the plants, to which they belong, 
have attained their-full growth; and I have conftaniiy found, 
in my practice as a farmer, that the prodtice of my meadows has 
been immenfely increafed when the her!'age of the preceding 
year had remained to perform its proper oiiice till the end of 
the autumn, on ground wliK-h had been mowedT early in the 
fummer. Whence 1 have been led to imagine, that the leaves, 
both of trees and licrbaceous plants, are alike employed, during 
the latter part of the fummer, in the preparation of matter 
calculated to afford food to the expanding buds and blofToms 
of the fucceeding fpring, and to enter into the compoiiliun of 
new organs of ailimilation. 

Iflhe preceding hypothecs be wx'II founded, we may expeft 
to find lhat fome change will gradually take place in the 
qualities of the aqueous fap of trees during its afeent in (he 
fpring; and that any given portion of winler.fellcd wood will 
at the fame time polTefs a greater degree of fpecific gravity, 
and yield a larger quantity of extradivc matter, than the fame 
quantity of wood which has been felled in the fpring or in the 
early part of the fummer. To afcerlain thefe points 1 made 
the experiments, an account of which 1 have now the honour 
to lay before you. 

As early in the lafl fpring as the fap bad rifen in the fyea- 
more and birch, I made inclfions into the trunks of Ihofe 
trees, fome clofe to the ground, and others at the elevation o( 
feven feet, and 1 readily obtained from each incilionas much 
fap as I wanted. Afcertaining the fpecific gravity of thefap 
of each tree, obtained at the difiereht elevations, I found Chat 
of the fap of the fycamore with very little variation, in dif« 

ferent 
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trees, to be l.{)04> when extraded clofe to tlie ground, 
ancT 1 .008 at the height of feven feet. The fap of the birch 
was feme what lighter; but the increafe of its fpecifle gravity, 
at greater elevation, was comparatively the tame. When ex- 
Iradted near (he ground the fap of both kinds was almoii free 
from tade; but when obtained at a greater height, it was 
fenfibly fweet. The thortnefs of the trunks of the fyeamore 
trees, which were the fubjefls of my experiments, did not 
permit me to extract the fap at a greater elevation than feven 
feet, except in one inftance, and in that, at twelve feet from 
the ground, I obtained a very fweet fluid, whofe fpecihe gra¬ 
vity was 1.012. 

1 conceived it probable, tliai if the fap in the preceding cafes The Tap firft 
derived any conficlerable portion of its increafed fpecific g'"®* 
vily from mailer previoufl^ exifting in the alburnum, I (hould thews thatita 
find fomc diminution of its weight, when it had continued 
flow fome days from the fume incifion, bccaufc the alburnum in matter intiie 
the vicinity of that incliion would, under fuch cireumflances,®*hurnuin. 
have become in ionic degree exliaufled: and on comparing 
the fpecific gravity of the fap which had flowed from a recent 
and an old incifion, 1 found that from the old to be reduced to 
1.002, and that from the recent one to remain 1-00 !•, as in the 
preceding cafes, the incifion being made clofe to the ground. 

Wherever cxtraAed, whether clofe to the ground, or at fomc 
diflance from it, the lap always appeared to contain a large 
portion of air. 

In the experiments to dlfcover the variation in the fpecific It la difficult ta 
gravity of the alburnum of trees at different feafons, feme 
obflacles to the attainment of any very accurate refults pre- denfity or fp. 
fented themfelves. The wood of different trees of the 
fpecies, and growing in the fame foil, or that taken from 
different parts of the fame tree, poffeffes different degrees of 
folidity; and the weight of every part of the alburnum ap¬ 
pears to increafe. with its age, the external layers being the 
lighteff. The folidity of wood varies alfo with the greater or 
Jefs rapidity of its growth. Thefe fources of error might ap. 
parently have been avoided by cutting off, at diflerenl feafons, 
portions of the fame-Urunk or branch: but the wound thus 
made might, in fome degree, have impeded the due progrefs 
of the fap in its afeent, and the part below might have been 

made heavier by the fiagnation of the fap, and that above 

lighter 
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By'ftmnJpoS' P” vat ion of its proper quantity of nutriment, 

j)j an oak coppice method tliereforc, which occurred to me, was to 

in winter and reIi*A sand tnsirli* m IKa iIsaa m^lAo ttn rvnl' 


The winter 
felled wood wa^ 
denfed after 
feafoningi 


in winter and tclcft and mark in the winter fome of the poles ot an oak 
Ipnng and com- in /• , • » r i 

paring them. coppice, wdiere ail are of e<nial age, and where many, ot the 

fame fize and growing with equal vigour, fpring from the 
fame ftoul^ One half of the poles which I marked and num¬ 
bered Avere cut on the 3Ht of December, ISOS, and the 
remainder on the I5lh of the following May, when the leaves 
were nearly half grown. Proper marks were puttodiftinguifli 
the winler'lelled from the fummer-felled poles, the bark being 
left on all, and all being placed in the fame fitualion to dry. 
The winter In the beginning of Augiill 1 cut otF nearly equal portions 
dcnfcftTftcr'^*^ ® winterand lummer-folled p(»Ie, which had both grown 
feafoning, on the fame flool; aiul both poi lions were then put in a 

fituation, where, during the f *vc'n fuccceding weeks, they 
were kept ver} warm by a fire. The fummer-felled wood was, 
when pul to dry, the mod heavy; but it evidently contained 
much more water than the other, and, partly at leaft, from 
this caufe, it conlrafted much more in drying. In the begin¬ 
ning of October both kinds appealed to be perfeftly dry, and 
I then afiertained the fpecilic gravity of the winter-felled 
wood to be 0.671), and that ot‘ the fuaimcr-fcllcd wood to be 
0,G09 ; after each had been imn^erfed five minutes in water. 

—hy more than This diiTerencc of ten ptr cent, w'as ronfiderabiy more than 
tenpercciu. j ai'.tk ipated, and it was not till I bad fufpended and taken 

of!' from tlie balance each portion, at leaf! ten times, that 1 
ceafed to believe that fome error iiad occurred in the experi¬ 
ment ; and indeed 1 w as not at iafi fati^fied till 1 had afcertaincd 


by means of compatTcs adapted to the mealurement of folids, 
that the winter-felled pieces of wood were much Icfs than the 
others which (hey equalled in weight. 

The difference The pieces of wood, which had been the fubjedls of thefo 
miichln*thc* experiments, were again put to dry, with other pieces of the 
newly formed fame poles, and I yefterday alcerlained (he fpccific gravity of 
liyers of each, fcarcely ary variation in the refuit. But when I 

omitted the medulla, and parts adjacent to it, and ufed the 
layers of wood which had been more recently formed, I found 
the fpecific gravity oflbe winter-felled wood (o be only 0.5834 
and that of the rummer-felled to be 0.533; and trying the 


fame experiment with (imilar pieces of wood, but taken from 

poles 
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poles which had grown on a different ftool, the fpccific gravity 
oN;he winter-felled wood was 0,688, and that of the fumnier- 
fclled 0.534. 

It is evident tliat the whole of the preceding difference in The winter 
the fpecific gravity of the w'inter and fummer-felled wood 
might have arifen from a greater degree of conlraflion in the non of extras* 
former kind, whilft drying; ] therefore proceeded to afcerlain 
whether any given portion of it, by weight, w'ould afford a 
greater quantity of extractive matter, when lleeped in water* 

Having therefore reduced to fmall fragment.s 1000 grains of 
eacli kind, I poured on each portion fix ounces of boiling 
water; and at the end of twenty-four hours, when the tem¬ 
perature of the water had funk to (ii)'-', I found that the winter- 
felled wood had communicated a much deeper colour to the 
water in which it had been infufed, and had raifed its fpecific 
gravity to 1.002. The fpecific gravity of the water in which 
the fummer-felled wood had, in the fame njanner, been infufed 
was 1.001. The wood in all the preceding cafes was taken 
from the upper parts of (he poles, about eight feet from the 
ground. 

Having obferved, in the preceding experiments, that the fap Frubibility that 
of the fycamore became rpecifieally lighter when it had con* fhis fap iscs- 
tinued to flow during feveral days from the fame incifion, 1 U-u by the leaves 
concluded that the alburnum in the vicinity of fucli incifion had fhoats. 
been deprived of a larger portion of its concrete or infpiffated 
lap than in other parts of the fame tree; and I therefore fufl 
peflcd that I fliould find firnilar clicks to have been produced 
by the young annual Ihoots and leaves; and that any given 
weight of the alburnum in their vicinity woulil be found to con¬ 
tain Icfs extractive matter tluin an equal portion taken from 
tlie lower pails of the lame pole, where no annual (hoots or 
leaves had been produced. 

No information could in this cafe be derived from the dif-Expeciment 

fcrence in the fpecific gravity of tlie wood; becaufe tlie f^b- 

fiance of every tret is moft denfe and folid in the mwet p.irts portion of ex- 

of its trunk ; and 1 could on this account judge; onH from 

. /• . 1*1 I • ' r 1 trunk, 

quantity of exlraclivc raaflcr which equal portions of the two 

kinds of wood would afford. Having therefore icJnced to 

pieces fevcral equal portions of wood lakcn bom different 

parts of the fame poles, which had been felled in May, I poured 

on each portion an equal quantity of boiling water, which f 

' fUigered 
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Tlie matter In 
the alburnum 


m. ’ 

fuffered (a remain twenty hours, as in the preceding experf* 
ments; and I then found that in fome intlances the wood t£OB< 
the lower, and in the others that from the upper parts of the 
poles, had given to tlie water the dcepefl colour and greateft de¬ 
gree of fpecificgravity; but that all had afforded much extrac¬ 
tive matter, though in every inftance the quantity yielded was 
much lefs than 1 had, in all cafes, found in ilmilar infutions of 
winter-felled wood* 

Hence many It appears, therefore, that the refervoir of matter depoHled 
ceffi n*ne veV alburnum is not wholly exhaufted in the fucceeding 

and buds. - fpring: and hence we are able to account for the fcveral fuc- 

ceflSons of leaves and buds which trees are capabkflf producing 
when thofe previoufly protruded have been deftroyed by 
infefls, or other caufes; and for tlie extremely luxuriant flioots, 
which often fpring from the trunks of trees, whofe branches 
have been long in a fiaie of decay* 

The matter In ^ reafons to believe that the matter depofiled 

theilburnum in the alburnum remains unemployed in fome cafes during 

fcveral fuccellive years: it does not appear probable that it 
yews. can be all employed by frees which, alter having been tranf- 

planled, produce very few leaves, or by thofe which produce 
' neither bluifoms nor fruit. In making experiments in 1802, 

to afeertain the manner in wdiich the buds of trees are repro¬ 
duced, 1 cut off in the winter all the branches of a very large 
old pear tree, at a fmall difiance from the trunk; and 1 pared 
off, at the fame time, the whole of the lifelefs external bark. 
Inffmee : in an The age of this tree, I have good reafon to believe, fomewhat 
old pear Uce. exceeded two centuries: its extremities were generally dead; 

and it afforded few leaves, and no fruit; and I had long ex- 
peded every fuccelhve year to terminate its exigence. After 
being deprived of iu external bark, and of all its buds, no 
^arks of vegetation appeared in the fucceeding fpring, or 
early part of the tummer; but in the beginning of July nu¬ 
merous buds penetrated through the bark in every part, many 
leaves of large ilze every where appeared, and in the autumn 
every part was covered with very vigorous ihoots, exceeding, 
in the aggregate, two feet in length. The number of leaves 
which, in this cafe, fprang at once from the trunk and 
branches appeared to me greatly to exceed the whole of thofe^ 
which the tree had born in the three preceding feafons; and I 

5 cannot 
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cannot believe that the matter which compofed thefe bads and 
could have been wliolly prepared by the feeble vegeta- 
^tion and fcanty foliage of (he preceding year. 

Bui whether the fubfianc^ which is found In the aH)amum it is ftrongly 
of winter-felled trees, and which difappears in part in the Pf?**®***® 
fpringand early part of the fummer, be generated in one or pofes the leif. 
in feveral preceding years, there feem to be flrong grounds 
of probability, that this fubHancc enters into the compofitlon 
of the leaf: for we have abundant reatbn to believe that this 
organ i*! the principal agent of affimilalion; and fcarcely any 
thing can be more contrary to every conclunon we (houIJ 
draw from analogical realbning and comparifon of the vegetable 
with the animal economy, or in itfclf more improbable, than 
that the leaf, or any other organ, (liould fingly prepare and 
affirailalc immediately from the crude aqueous fap, that matter 
which compofes itfclf. 

It has been contended * that the buds themfelves contain It is not IlfceJjf 
the iiiUfitneiit nccelfary for the minute unfolding leaves; 
trees poflels a power to reproduce their buds, and the matter crude fap, 
necoilary to form lliefe buds muft evidently be derived from 
fome other fource: nor does it appear probable that the young 
leaves very foon enter on this ofHcc; for tlic experiments of 
Ingenhouz prove that their aflion on the air which furrounds 
them is very eflentially ditferent from that of full grown 
leaves. It is true that buds in many inftances will vegetate, 
and produce trees, when a very fmall portion only of albur-» 
num remains attached to them; but the firft Qfforts of vege¬ 
tation in luch buds are much more feeble than in others to 
which a larger quantity of alburnum is attaclicJ, and therefore 
We have, ii\ this cafe, no grounds to fuppofe that the leaves 
derive their firft nutriment from the crude fap. 

It is alfo generally admitted, from the experiments ofSecds are ttiui 
Bonnet and Du Ilamel, which I have repeated with the fame 
refult, that in the cotj ledons of the feed is depobicd a quantity but from matter 
ofnufriment for tl-e bo.l, wliirh every feed contains; and 
though no veOels can be traced + which lead immediately 
from the cotyledons to the bud or pluniula, it is not dilHcuIt to 
point out a more circuitous palfage, wdiich is perfedlly fimilar 
to that through which I conceive the fap to be carried from the 
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leaves to (lie boclsj in (he fubfequent growth of (he tree; and 
I am in pofTeifion of many fafts to prove (hat feedling frees/' 
in the firfl (lage of their exidence, depend entirely on the 
nutriment aiTorded by the cotyledons; and that they are 
greatly injured, and in many indances killed, by being put to 
vegetate in rich mould. 

(To be concluded in the Supplement.) 


III. 

On the Deliqucjlencc and Efflorefmee of Salts^ C. L. C a d et.* 

DerK^uefcence All chemids are of the fame opinion relative to the caufe 
c^*oned"b* deliquefcence or the cfflorefcence of a fait. Theat- 

the relative at- ^ traflion of the fait for the water contained in the atmofphere 
tractions of the occaiions (he flrft phenomenon, the altraflion of the atmof- 
fJi forwater!*^ plicric air for the water of crjftallization of the fait caufes the 

fecond. 

The diffcronce This altra^lion has been found to %'ary in the different falls, 
bc^cen one^£alt^},^^|^gf Qj. jq ftronger in fome 

been noticed, kinds, and more fpeedy in olliers; but no one has yet obferved 
but not the va- whether it had any dependence on the conditution of the at- 

mofphere, the eleflric date of the air, the quantity of caloric 
Scc$ if contained, if it was always the fame in any one fait, and if 

it regularly became weaker in proportion as faturation ap¬ 
proached, neither have any tables been yet prepared, which 
might indicate the degree of deliquefcence, or of cfflorefcence 
of the different fails. 

Of the hypothefes which could be made on thefe pheno* 
mena, the following feemed mod probable. 

Hypothefes thu The falls which deprived the air of its humidity ought to 

aft in this refpeft in proportion to the quantity of water which 
water in proper- the air held in folution or in fufpenflon. The greater the hu- 
don as the hy- midity of (he air, the more fliould the deliquefcent falts aug-* 
catS*^*^prl*' menl in weight, fo that the degree of their weight Ihould be 
fco®** conformable to the progrefs of the hygrometer, 

Barometncal On the other hand atmorpheric preffure, which more or lefs 
change! and oppofes evaporation, ought to have an influence on the fatura- 
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tion of the faltSi itnce it caufes thedenfity of the air to vary; 

CMljqaently there fliould be an agreement between the vari* 

^ions of the barometer and the deliquefcence of falts. 

The variations of temperatures, by dilating, or by conden-^thenaometn* 
fing the mafs of the atmofphere, (liould alfo occafion changes 
in the proportion of water abforbed by the falts, on which ao 
count it would be ufefui to obferve the thermometer. 

1 thought moreover that one fait had not only more or lefs Denquefcent 
attradion for the water contained in the air than another, 
that this attradion varied likewife in the lame fait in proportion i^aft Aturated* 
as it had loft or abforbed water. I hoped by thus comparing 
the deliquefcence and efHorefcence of falls with the tlale of 
the different meteorological inffnimentS) to obtain refults fufR- 
ciently conflant to effablilh a theory of deliquefcence or ef- 
fforefcence. 1 hoped alfo to be able to ufe the (alts themfelves 
asinffruments of meteorological obfcrvation; but experience Experience did 
proved that reafoning apparently founded on the trueff theory 
frequently deceives expectation. It is neverthelefs neceflary 
to attend to negative faCls, which fometimes areas ferviceable 
to fcience as thofe of a politive nature, 

I did not find a (ingle fait which feemed to have the lead None of the faita 
conformity with the (late of the barometer^ hygrometer, o*" 
thermometer. On the fame day many falts increafed condder- conformity to 
ably in weight, while otliers indicated a (low progrefs. Some 
bad but a fmall attraClion» when the hygrometer (hewed a 
great degree of humidity, and were mod deliquefcent when 
the air feemed mod dry, Atmofpheric preflure never had the 
lead agreement with the increafe of weight of a fait, and the 
thermometer haying varied but half a degree during the courfe 
of the experiments, does not furnifli any obfcrvation on the 
influence of temperature. It is therefore impoflible to explain 
by the meteorological clianges any of the variations which I 
obferved in the deliquefcence, or the efHorefcence of falts. 


Effiorefeent Salts ^ 

I weighed exaflly 288 grains of fulphate of foda, of phof- experiments, 
pbate of foda, and of carbonate of foda, which three falls are 
confldered as the mod efHoreleent, and placed them in a dry phofphace anU 
and airy dtaat!on» after having carefully dried the capfales 
which contained them. I put alfo in the fame place an hygro¬ 
meter, a barometer, and a thermometer: ihelliree falls (hewed 
the following refalls. 
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tiofi of weight 
la each by cfflo* 
scfcence* 


Coafitoadofls 
w.hy tbue tine 
leems d) indicate 
no uieful lefuit 
in deliquefcent 
lilts eapofedt 


liCft toefliaiefce* Loft* 

Sulphate of ibda « e 1 days - 205 graias of sf^ter,* 

Fhofpfaateof foda « 39 - - 91 

Carl^nale of foda • 51 - - 86 

It (bould foem from this table that thefe three Gilts ought to 
be dttflfed in the preceding order; but it mud be obferved that 
falts contain more or leli water» in proportion as they cfyflal- 
ize (lowly or rapidly* The number of days which were em¬ 
ployed in the efflorefcence of thefe fahs fliouid vary, both in 
proportion to the water they contained* and to the extent ot 
furface which they expofed to the a6tion of the furtounding 
air; and therefore the time of their efHorefcence can give no 
appreciation of the force of their atlraAion for water. This 
reflefliun prevented my making experiments on any iDore ef- 
florefcent falts. 


Deliquefcent Sails, 

I took 288 grains of each of the falts in the following table, 
(which are very fenfibly deliquefcent, Gnce they all abforbed 
snore than half their weight of water)* and placed each of 
them in a dried cepfule, along with the before-mentioned me¬ 
teorological indruments, in a damp fituation, and after 150 
days of obfervations noted what is included in the table. 


A Table qf DeUqueJtent Salts, in the Order of their AttraStion, 
e^mated hy the Quantity qf Water abfarbed. 


Tible of the Acetite of potafh 

Days employed la 
uAcii uturation* 

. 146 - 

Water abforbed* 
700 grains* 

inwafc of Muriate of lime 

m m 

124 

684 

n Muriate of manganefe 

ciee, and the Nitrate of mangahefe 

m m 

105 

629 

m « 

89 

527 

Nitrate of zinc 

Nitrate of lime 

m m 

124 

495 

m m 

147 

448 

Muriate of magnelia 

m • 

139 

441 

Nitrate of copper 

m « 

123 

397 

Muriate of antimony 

• m 

124 

388 

Muriate of alumine 

m * 

149 

^42 

Nitrate of alumine 

— m 

147 

300 

Muriate of zinc 

m m 

76. - 

294 

Nitrate of foda 

m • 

137 

257 

Nitrate of magncGa 

- 

73 

207 


Acetite 
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Days employed In 
their faturation* 

Water) 

Kcetlfe fit alumine 

. 104 

202 

^cid fulphale of alumine 

- 121 

202 

Muriate of bifmulh 

- 114 

174 

Acid phofphate of lime 

* 93 

155 

Muriate of copper 

* 119 

ud 


In examining this !able it may be remarked that the dura** The times of 
tion of the abforption is not in any proportion to the quantity: [tan*pro|I^fonal 
The muriate of alumine, for example, took 149 days toabforb to the quantities* 
342 grains of water, while the nitrate of manganefe took but 
R9 days to abforb 527 grains. That the force of attra£iion 
may beeflimated from the rapidity with which the bodies unite 
mutl not be concliirled from this; for the fame table fliews that 
nitrate of magnefia faturated ilfelf in 73 days, and only ab- 
forbed 207 grains of water, a much lef< quantity than that taken 
up by the nitrate of manganefe. Although the greater or lefs Though the ra- 
facility with which deliquefcenl falls faturate themfelves '^*th 
water cannot he accounted fur, (fince a fait half faturated, ordicace the pro- 
half deprived of water, is no longer the fame body, con- 
fequently exercifes other attraflions than what the fame fait ufeful. 
does in its ordinary flate, or in a different ftate of faturation,) 
the rapidity of their faturation Is not however an indifferent 
matter. In the experiments w'hich have been made on pro* 
clucing artificial cold by muriate of lime, it has been remarked 
that the cold was greater in proportion as the ice was melted* 
but it is probable that the muriate, and above all the nitrate ot 
manganefe^ which becomes liquid much quicker, would pro- 
duce with ice a more intenfe cold, and that certain liquors duce inteufe w- 
which have hitherto refifted coagulation, would be folidified 
by thefe two falls, which experiment is highly defervxng of a 
trial. 

In order to examine whether deliquefcence depends on the It does not sp* 
proportion of the baft, or of the acid which conffitutes the 
falts, I compared with each other the different analyfes of falts pends on tho 
publifhed by Bergihan, Klaproth, Fourcroy, and Vauquelio, P«»P®rtion ol 
and I faw that no induflion could be from tlieir compofitlon; ' 

for there are fome falls which have the bafe in a very confider- 
able proportion, and which are lefs deliquefcent than thofe 
whofe bafe is Icfs; and many others in which the acichis in a 
fmall proportion, are more deliquefcent than ihpfe, in which 
this pHn^iple is predominant. The nature of the acids and of 

R2 itm 
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—«or on the pe¬ 
culiar nature of 
the ingredients 
tbemfeirest 


Ceneraily the 

Aeliquefcence 
was moft rapid 
when the fatu- 
ntton was leaft* 


the Jbafes theiofelves do not throw more light on the pheno- 
mena of deliquefcence than their proportions; for iWo-arc 
deliquefpent falts, the component parts of which taken fepr. 
rately, have not any remarkable attraSion for water, fuch is 
the nitrate of alumlne; while on the other hand the fulphate 
of foda is efflorefcent, although concentrated fulphuric acid, 
and eauftic foda each feparately attraft humidity. Nothing 
better proves this axiom in chemillry,— Compounds have pro* 
perties peculiar to themjbhfes, and differing from thofe of their 
component parts. 

In general deliquefcent falts qncreafe their weight in a di- 
minifbing proportion, according as they approach faluration; 
thus the acetate of polaflj, which in the lirft twenty days ex¬ 
hibited the following progreflion: '21, 31-. 4-4. 54. 60. 70. 85. 
100. no. 120. 128. 138. 142. 148. 160. 169. 177. 186. 192. 


198. did not fliew on the lad twenty days more than this, 617. 
650. 655. 660. 663. 666. 669. 671. 676. 682. 681. 686. 688. 
690. 692. 694. 696. 69S. 699. (wO. The falls which were but 
little deliquefcent prefenled a lingular phenomenon, which 
none, 1 believe, has obferved before. 


Remarkable 
ladts; falts 
whicii lofe part 
of the abforbed 
water and after¬ 
wards attract 
more and en- 
creafe till fatu- 
ration. 


Expediency of 
further experi* 
faents. 


Thefe will pro¬ 
bably ihew that 
.meteoric vada-' 

tioBf in the air 


The acid fulphate of alutnine, and the acid phofphale ol 
lime, increafed and dimiuilhed fuccelSvely in weight. 

The muriate of copper diminiQied during 45 days before it 
began to encreafe. Thefe ofcillations and retrograde move¬ 
ments take place but once, and when the fait has abforbed » 
certain quantity of water, there is a progreliive increafe, al¬ 
though (lowly, until its perfeft faturatioii, which may depend 
on the attraction of water for water, an attraction which is not 
perceptible but in certain proportions. 

Thefe anomalies deferve to be obferved again, and com¬ 
pared with experiments made on other falls which do not ex¬ 
hibit them. They tend to make us acquainted with all the 
caufes that produce efRorefcence and deliquefcence, fince they 
prefent each phenomenon fuccellively. The falls which we 
fubmitted to their a6lion, had certainly an altra£lion for water 
very little different from that of air in a medium (late of heat 
and humidity. The point of equilibrium mull be decided by 
the (late of the atmofphqrei or the (alls would remain un¬ 
altered. 

• ^ 

I litll bciWever think that a relation exi(ls*be^ween the me¬ 
teorological variations and the alterations of (lie falls; and if I 

was 
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msnot able to difcoverlt, without doubt this was caufisd by do influence th 
-Ihe Jbali^ortions of falts which I expofed to the aCtion of the 
^Mniorphere. Some chemift more fortunate will determine it, 
by operating on large mafles, comparing experiments made ia 
many different fcafons, and keeping a regifter of the elcArical 
flate of the atmofphere, of the water of cryftallization which 
the falts contain, of their diviiion, and of the furface which 
they prefent to the air. 

In a labour which would require more than 3000 experi- Exteufive re* 
nientfi, the new fafts which I have obferved are too few, 
and perhaps too little important to engage any one to under¬ 
take fucli prolonged and minute experiments; but I have 
given a table of deliquefeent falts arranged according to their 
atlradlion for water, and I dare hope, that the refults of it 
will not be altogether ufelefs. 



Account of the and cajy Afeans by which tite Harbour of 

Bye was rrfiored, and wade narigablefor Ships of confiderablc 
Burthen, By the Rev, Daniel Pape *. 

Me7H07inl of Rye lIa7'hour, 

Rv E Harbour, once fo very fafe and convenient for palling Decayed ftate of 

vclfels up or down the channel, to run to in djftrd'i or in 

carious weather, had been for many years, and from various 

caufes, in a gradual llate of decay, infoftiuch that in the 

years (I believe] 1793 and ]79t?, it was thought necellary to 

fend Captain ■ ' ■, from the Trinity-Houfe, to make a 

furvey, and report to the Board its then fiate, and the pro- Survey and 

babllity of its improvement or redemption. The furvey wasr*^P°*‘^> 

made, I believe, with conliderable care and attention; and 

the refult was, that (he harbour was pronounced lu/t, or in that the Harbour 

inch an irreparable' decayed flate, that it was an 

expenfe to the fliips paffing, which paid tonnage to It; and 

therefore this tonnage was taken Iroiu Rye, and given to 

Kamfgate Harbour, leaving however a referve in the hands of 

the commitfioners of 6000/, 

* From his communication to the Sodety of Arts, who voted* 
him the ^old medal* See their Tranfaflions, Vul. XXII. 


The 
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;|^fertitemeii£ 
Ibir plant of im- 
provemtato 


The author's 
plan to make a 
dire^ cut, and 
dam.up the old 
moutht 


The author 
undertook it at 
lua own rir^ue, 


and completed 
it. 

Farther fecurlty 
hy a pier head 
and jutties. 


It proves to be 
pashBOly dorsL- 


•nd admit ihips 
of five times the 
^nage before 
adiiutted« 


Tlie conTeqaence of (his was an advertife(nent» ^ lovittng 
any gentleman to come forward with plans for thO/^pTov^. 
ment of the harbour, and t1ie draining of the upper levels; 
On the day appointed for the prefentation of fuch plans, a 
very (enilble letter was laid before the Cotnmiffioners by the 
Rev, Mr. Jackfon, of Rye, though impradicable on many 
account5|»and alfo a plan by myfelf, propofing lonnake the 
prefcnt cut, and to form a dam of tiraw or hay and faggots, 
as reprefented on the chart, for the ftnali fuin of 500i» On 
reverting to the enormous fums that had been already, from 
time to time, expended by able engineers to no purpofe, it 
was judged at the moment an impodible attempt; and, after 
poTilely voting me their thanks, the Commiffioners Teemed to 
decline carrying their plan into execution.—^This, however, 
did not fadsty me; and therefore, confident of fuccefs, I 
undertook to perform what I had propofed, or lofe the money, 
without flipulating for any foe or reward fhould I fuccecd. On 
entering upon this agreement, I fel to work, and chooiing a 
Mr. SoutherdeOf an adiive and perievering man, as foreman, 
to affifl me, I completed the work in three months, in the 
very depth of winter, at theexpenfeof only 480/. though the 
works were twice filled up with rea*beach by the tides. 
Rutf though this was done to the afionifbment and admiration 
of many, yet there were evidently an envious few mortified 
and difappoiriled. The cut and dam being thus finifhed, it 
was then thought necefiary, on my recommendation, to fecure 
the cot from reverting to its late reduced fiate, by a pier-head 
on the eaft, and jutties on the wed fide of it; the execution 
of which was committed to the eminent Ikill of a Mr, Suther* 
land, who performed the trufi repoied in him, to the univerfal 
fatisfa£lion of his employers; and I believe the whoJe was 
completed for fomething lefs than 3000/, in a very mailerly 
and workman-like manner. Of this I think tliere cannot be 
a belter proof adducedi than that it ftill ftands j£nn, without 
the lead apparent decay, and maintains its firfi pofition 
without the fmallefi variation: and no doubt a very trifling 
annual expenfe will keep it in its prefent improved'Aale. 

The advantages derived from it are particularly great; for 
(liips of 250 tons burden, and even veflels of' 300 tons, run 
ill with the greatefl fafoty at fpriug tides: whereas, before, 
thofe of 50 tons co^ld not pome bat vvilh the utoioA 
^cul'ty and danger. 

That 
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'i^at part of Rodney Madh too, which lies contigaons, other edvan- 
und was threatened by every boifierous tide with a total over* 

" it now in I'atetyj and the drainage of the levels is 

rendered complete. 

J beg l^ve now to oflfer lo your attention a Ihort delcrlp- Very and 

tion ot* the Dam, the form and materials of which may be ^thod^fcoa* 

ufed with fuccelk in fimitar Situations, whether in places ftruaing the 

adjacent to tite fea, or in gentlemen^s hSh*ponds, or rivers in^* 

the country, where weirs may be neceliary for the prefervatioli ^ ^^uble roof or 

of the banks. The dam was merely formed of hay, firaw, covering of hay. 

and faggots, pinned dowm to a Joundalion of fund or Jiit by 

tliort piles. 1 formed it as in the chart, of the (liape of a fuunoation of 

double-roofed houfe, firft putting down -ftraw, and then over 

li liazel faggots, from 12 to H feet in length, and afterwards 

pinning down the whole with piles, 1 next filled the fpace The incerilice 

between the two roofs with gravel or fea-beach, and fecured 

® . . gravel, and 

tins alfo with faggots pinned down upon it, over which re-covered with 
llftance being piocluded from its peculiar form, the influxf«ure4 
aud reflux of the tides glided to gently, that confequcntly 
every probability, not to fay pofiibility, was annihilated of its 
being ever undermined or blown up. 

It was alfo ncceflary that this dam (liould be put dowm in Difficulty that 
one tide, and that the mouth of the cut fliould be opened 
Che fame time; for it was evident to me, that it was iiiipofiible and the new one 
ever to cut lo lea in any other w'ay* f or unlcfs the dam had opened in one 
bepn ready lo turn the wale^ through the cut asToon as opened, ^ ** 
and die cut, on the other hand, ready to receive the current 
the moment the dam began to ai6i, the whole work mud have 
been entirely and unavoidably defiroyed by the influx and 
reflux of the enfuing tide. All this I clearly foresaw.: and by 
procuring a lutlicient number of men, nearly three hundred, 
the bulinefs was completely fiailhed, jail as die tide touched 
the foot of the dam; and when it was full fea, tiic flraw of 


courfe afS^ed as a receiver and retainer to the fill brought in by gqcccfgfui 
(he tide; which I,'eing repeated by each returning tide, the refult. 
dam foon became qdiruly fixed, beyond a pofiibiliiy of ever 
being deflrpyed; and it is now fo entirely covered, d)at if the 
pier is kept in repair, the dam mud ever remain unirvpaired 
time, and proof againl) die npuit violent flo^dsM waters. 

For this work, the Compiiffioners voted roe fifty guineas The author’s 
of which 1 gave to my affiftanlj and alledged that, on 

account 
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account of the lofs of the, tonnage^ and the poverty of the 
fund, they were furry it was not more. This to UMlen 
thefe ctrcumflanceSf was a fufHcient apology, and I was con^ 
tent. I now offer it to the confidcratlon of the Society of 
Arts, as a body in fome degree interefted in the profperity of 
this kingdom. ' Should they deem what I have already re-^ 
ceived an adequate compenfation for fuch a work, and fuch 
an undertaking, at lb inclement a feafon, I am Hill content. 
But if they n)Ould think proper to grant me an additional 
remuneration, it will be received w’ith peculiar fatisfaflion, 
and confidered as a very great honour by. 

Sir, 

Your obedient and humble Servant, 


To Charles Taylor, Efq, 

Cambridgef Trinity Hallf 
April 2, 1803. 


DANIEL PAPE. 


^tference to the Engraving of the Rev. Mr, Pape's Jmprove»» 
ment of Rye Harbour, Plate Xlll. Fig. 1 , 

AA. The double roof, filled with flraw. 

BBB. Hazel faggots, 12 to 14- feet long, 

C, The fpace betwixt the roofs filled with gravel or feiw 
beach. 

D. The faggots which covered the gravel fo laid. 

£. Files of wood driven through the faggots and ffraw into 
earth, at the bottom of the river, the heads of which piles 
are united by crofs pieces of wood. 

F. The folid bed of the river, 

G. The river at low water. 

H. The high, water mark. 

X. The upper fide of the dam, which oppofes the current 
of the riven 

K. The lower fide of the dam, which refills the coming-in 
of the tide. 

Fig. 2 . L. Shows the place where the dam was placed. 

M. The old courfe of the river reprefented by doited lines, 
and which is now filled up with gravel by the tide. 

N. The new canal, cut by Mr, Pape's direflionsi and 
which is now the regular channel for Ihipping. 
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Ok The pier-head, on the eali fide of Mr. Fape’s-cut. 

, • PF- two juUies, on the weft fide of Mr. Pape’s cut. 

. RR. The former canal, cut under the direction of Mr. 
Smeaton, and other able engineers; but which failed, and is • 
iince blocked up by a bark made acrofs it, over which the 
prefent high road between Rye and Winchelfea pafles. 


V. 

New Experiments on the UeJ}nration of Atmofpheric Air^ prin^ 
cipallif with regard to the Abjhrption of Azole^ tutd on the 
Jlefpiration of ike Gajeons Oxide of Azote, Profejfor 
Pfaff, of 

Th c great difeoveriesin pneumatic chemiftry, the ingenious Short hlftory oF 
and ufeful applications of theie difeoveries to explain the J**®"!**^** 
phenomena ot organized beings, particularly the animal rerning refpir^ 
economy, and the valuable refearclies of eminent philofophers 
have greatly contributed to throw light on the doctrine of the 
chemical eflefts of refpiration. In confequence of theie 
refearches, phifiologifts are in general agreed with regard to 
the moft etfential points of this dodrinc; fuch as the produc¬ 
tion of carbonic acid, the ufe of oxigen gas, and the animal 
heat which rcfults from its abforption. But tiie activity of 
phiiofophical enquirers has not yet fucceeded in removing all 
the obfeurities of this fubje£l, and the difagreement between 
the refults of various experiments relating to them, fulBciently 
Ihew, that new enquiries are requifite to afeertain the fources 
of fuch errors as ftill continue, and to remove them altogether. 

The experiments of the celebrated Davy have done much 
in this rcrpefl, and the refcarches on the nitrous oxide afford 
a new epucha in the chemical doctrine of refpiration. The 
celebrated editors of the fiibliotheque firitlannique, have 
ftiewn their convifl'on of the great value of tbefe refearches, 
by the ample and inftru^live extrad they have given, and the 
manner in which Berthollet in the ^.^th volume of the Annaks 
de Chemie has given an account of the fame, has fufiictentiy 
fixed the attention of philofophers on that excellent work. 

* This memoir was addtefled to the French National Inftitute, 
and read at their fitting of the )25th of Me/fidor iaft (July 23.) 
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The difoancei which exified in the refnlis fomtr eaU 
perimeatt» as to the quantity of carbonic acid prodqped^nn 
the a£t of refpiration were lefs important, and might entirely 
depend on the conftitution of the different individuals upon 
whom the experiments were made; and under this point of 
view, a revifion of the experiments was lefs neceflary. 
But the part which is performed by azote gas in the a£l of 
refpiration has been too little attended to. It has been 
generally fuppofed to he altogether without activity. Goodwin 
alone thought he had obferved a coniiderable abforpUon of 
azote gas; but his experiments were not made with all the 
necelTary accaracy^ and were too dirc6lly oppofite to the 
experiments of Lavoifier, Seguin, Abcrnethy, Fothergill, 
Aiote neceffary Menzies, &c. to fix the attention. The experiments on the 
combuftionof Aow combuftion of phofphorus, which does not fucceed in 
phof^^rui. pure oxigen gas, but is fo greatly forwarded by the prefence 

' of the azole gas of atmofphenc air, fliew to a certain degree 
the advantages which this great quantity of azote gas is likely 
to produce in refpiration ; and the unfortunately too concife 
refults of the iafl experiments of the immortal Lavoifier on 
refpiration, in which it was found, that a much greater 
mafs of oxigen gas is decompofed in the fame time by ref¬ 
piration in atmof'pheric air than in oxigen gas, fiand in con-^ 
firmalion of the former fa£l. But hitherto we have poffefTed 
only probabilities, or refnlls not fufficiently connedlcd with the 
fubjed. To Davy it is that we are indebted for an exaft 
and inconteflible knowledge of the adive part which azote 
gas performs in the procefs of refpiration. But in proportion 
to the novelty and interelling nature of thefe refults do they 
require to be confirmed by the experiments of others; and 
it was in this point of view that I undertook lafi winter a 
feries of experiments upon refpiration in atmofpheric air, 
and alfo in the gafeous oxide of azote ; the principal refults 
of which I now venture to communicate to the Nationa) 
Inftitute. 

4 

Experiments on the B^nration qf 4tmc/pherie Air, on4 

Oxygen Gas^ 

• 

Expertmenta of All the following experiments were made in the academical 
nfpiratiaa. laboratory of the Univeifity of Xiel, which is provided with 

all the accurate apparatus of modern chemil^ry. They were* 

made 
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nXtcie to ito moil part 1 b the prefenoe of mf pt^k, par* 

* ticdTai^ one named Dierks, who was moft commonly the ftib* 
jefl of experiment. 

In order to determine with precifion the changes which 
atmofpheric air undergoes by refpiration, and to decide te^ 
fpedling the ubforption of azote gas, we mud begin with 
afcertaining the diminution which a given volume of air 
undergoes by refpiration. This fird point was to be detarmin* 
ed by accurate experiments. 

1 . The quantity of 170 duodecimal cubic inches of Paris* t^mtityor 
were refpired from one of the great refervoirs of a gafomOter, 
conOrudled at Paris after the model of that of Charles^ over air by the 
water covered with oil, to prevent the abforption of 
carbonic acid gas produced by refpiration. The refpiralion 
was performed once only during the time of ten or twelve 
fecunds. The diminution was 4472 cubic inches, or < 3 !^ part 
of the firft volume. This experiment being repeated twenty 
times m the ('atne manner^ afforded the fame rei'ult. 

-2. 144 Cubic inches were refpired once in the fpace of 
ten or twelve feconds. The diminution was four cubic inches 

primitive volume. 

3. T!ie fame volume was refpired twice during 22(econds, 
and the diminution amounted to eight cubic inches, or 
part ot the primitive volume. The lame volume having been 
refpired ilirce times during SOfeconds, the diminution amount- 
ed to 12 cubic inches, or part pf the primitive volume. 

4. fiO Cubic inches were refpired three times during 25 
foconds, the diminution was fix cubic indies, or -/g of the 
primitive volume. 

5. 170 Cubic inches were refpired four times during one 
minute, and the diminution amounted to 20 cubic inches. 

This experiment was feveral times.repeated, and the dimi¬ 
nution was dmoft confiantly the fame. Namely, 16, 19, 

2 t. and 20 cubic inebesi or 

6 . 168 Cubic inches refptred during 50 feconds, by four 
great and four fmall refpirations, fuffered a diminution of 14, 
or of the primitive volume. 

7 . 4 S 0 Cubic inches by 12 refpirations in 90 feconds, 
foffesed a diminution of 24, or ^ part. 


As thefe quantities are merely jrclatlTe, I haxn ^ 
l&cm. T. I 


reduced 

Thefe 
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Dlmmaticn of 
oxigen gas by 
Kfpiration* 


f Tpfnments to 
<ftterniine how 
much asote is 


reraltf^Agree very well with thofe obtained by Davy 
cn the diminution of air by rerpiration. He found the * 

tion by one fingle refpiration to be ^ part, and by refpiration 
continued for dtie minute part. 

The nsagnitude of the diminution depends not only on the 
time during which a given volume of air is refpired, but 
principally on the magnitude of this vplume itfelf; it muft 
be proportionally lefs the greater (be quantity of air infpired^ 
A very eflTential error it feen in the refults of Abernethy, who 
gives a greater volume to the expired than to the infpired 
air; and (be calculations of Goodwin are founded on a 
mifiaken bafis; for he fappofes (he two volumes equal. 

In order to determine comparatively the diminution of 
oxigen gas by refpiration^ 170 cubic inches of oxigen gas 
obtained from manganefe were refpired in the fame manner^ 
and under the fame circutnftances as the 170 cubic inches 
of atmofpheric air in the 5th par digraph. ..The diminution 
amounted to 30 cubic inches, and in other experiments, to 
SS, 29, 31. Ihe mean term of which is imparls of the 
primitive volume. 

This diminution being eHabliflied with accuracy, may be 
applied to determine the abforption of azote gas. 

8 . 80 Cubic inches were refpired one time flowly during 
ten or 12 fecondsi and the air expired was received over 


abioibed in the mercury. 


piocefsof ref* 
pii ation* 


The relative quantity of the conflituent parts of this ref* 
pired air was in the centmiary 4,16 carbonic acid, 16,55 
oxigen gas obferved by the flow corobuftion of phofphorus, 
79J 9 of azote gas. An eudiometric experiment made at the 
fame lime, gave the following proportion of the parts in 
atmofpheric air, one carbonic acid, 21 oxigen gas, and 78 
azote. The total diminution of the air was from the pre¬ 
ceding experiments ^ We may therefore find the true 
quantity of azote gas by the following proportion, 36 : 35 
79,19; 76,99. If we fubtrafi this 76,99 from 78, the pri¬ 
mitive quantity of azote in the atmofpheric air before ret 
piration, we find a lofs of 1,01 on the hundred parts of the < 
whole mafs of air breathed. But as the quantity of air in¬ 
fpired was really no more than 80 cubic inches, the abfoiute 
dirr'natioit or dilappearance of azote gftiby one refptration, 

muft, 
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siuft be diminiflied in the fame proportion of 100 to 80, aiul 
. .thurpcovc* 0,803 cubic inches. 

9. In another experiment 60 cubic inches were refptretf 
once in the lime of* 10 or 12 feconds, and the lafi portioii of 
the expired air was received over mercury. The proportion 
of the confiituent parts after refpiration, were in the centenary 
4,68 carbonic acid gas, 17,68 oxigen gas, and 77,74 azote 
gas. An eudiomelric experiment made at the fame time on 
the atmofphcric air, gave I carbonic acid, 22 oxigen gas, 
and 77 azote gas. The true quantity of azote gas found as 
before, by diminilhing the 77,74 is, 75,58. And this 
being fubtraclcd from 77, the quantity of azote gas previous 
to the refpiralion leaves 1,42 for the azote which difappeared, 
fuppofing the refpired air to be divided into 100 parts. But 
if we take tlie real number in inches, which was 60, this 
quantity will be cxprelFed by 0,852 cubic inches. 

fo. 30 Cubic inches were refpired in the fame manner 
three times during 16 feconds. The expired air contained in 
the centenary 3 carbonic acid gas, 14,5 oxigen gas, and 
80,5 azote gas. The almofpheric air contained by experi¬ 
ment at the fame time, ] carbonic acid gas, 29,75 oxigen gas, 
and 80,025 azole gas. This by the fame procefs of computa* 
tion gives a diminution of 4,235 in the 100, or in cubic 
inches 1,2705. 

Th(d‘c experiments which were feveral times repeated, and B.einarks)ti 
conflantly with the fame refult, decifively fhew that azole 
gas is abforbed in the a£l of refpiration, and the aflive part it 
performs. Hence we may more eafily underhand, why azole 
gas compared with other mephitic gafes is fo little noxious to 
our lungs; fo that according to the experiments of Lavoifier 
and Seguin, animals live very well in a mixture of 15 parts 
azote gas, and one part oxigen gas; whereas the fame animals 
were fuddenly fufTocated tq a mixture of 40 parts oxigen gas, 

45 azote gas, and 15 carbonic acid gas. Hence we may 
,comprehend, atleailloacertain extent,theextraordinaryefTefis 
of the gafeous oxide^ of azote; we may form fome notion of 
the transformation of the chyle, which is Iffs anamalized or 
azolized in the lymphatic part of the blood, but becomes 
more fo in the a£l of refpiration. But the quantity of azote 
' gas abforbed by one Angle refpiration is not very confiderable, 

w inch 
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Siperlmentt 
Aewing the 
^tiaotiriei of 
carbonic acid 
produced 
piratioiu 


which agrees^ perfedly with the experiraenU of Davy, who 
found that no more than 5,\ cubic inches of azote g;fH Were^. 
abfoibed by 19 refpirations of a volume of 161 cubic inches. 

J K To determine the quantity of carbonic acid gas pro** 
duced by the refpiration of almofphenc air, 60 cubic inches 
were refpired once during ten or twelve feconds, and received 
i*™®rcury when expired. Lime water abforbed 4,68 parts 
in )00* This experiment being feveral times repeated 
gave the fame refult. The lad portion of expired air being 
feveral times transferred through lime water was diminiflied 
4,9 parts in 100. 

12. 20 Cubic inches refpired three fucceflive times daring 
iO feconds afforded no more than five liundredlhs of carbonic 
add gas. 

13. 170-Cubic inches were refpired four times during 
50 feconds, the quantity of carbonic acid gas obtained was 
5,8 handredths. 

14. 170 Cubic Indies w'ere refpired from a bladder eight 
times in one minute. Lime water abforbed 8,2 hundredths. 

This quantity of carbonic acid produced by refpiration, 
afforded a term of comparilbn to afeertain the quantity of the 
decompofilion of oxigen gas in refpiration from the fame 
quantities of atmofplieric air,, and of pure oxigen gas. 

Oxigen gas preceding experiments (7) had fbewn that the diminu* 

produces more lion of ox^n gas was iMiWMOhfiderable than that of almof- 

phcfJc air. From this feA h might be expeBed, that the 
ncmofpheslc air produBton of carbonic add gas would likewife be more con- 

£derable; and this was confinned by direB experiments. 

15. ' 170 Cubic inches of oxigen gas obtained from man- 
gpnefe, were refpired feur times during 50 feconds; the 
diminution was SO cubic inches. The quantity of carbonic 
ftcid produced was 8,2 hundredths. Atmofpheric air reTpired 
in the lame manner, and under the fame circumfiances, gave 
only 5,8 carbonic acid. 

16. 70 Cubic inches refpired from a bladder during 50 
feconds, alfo gave eight hutidredths of carbonic acid. 

Experiments on the Rejpiration qf the Gq/ious Oxide of 

Obfervidonson The gafeous oxide of azote was obtained by the proeefs of 

Davy from cryftallized nitrate .of ammonia. This nitrate of 
gufeoui oxide of ammonia affords very different produBs in different tem«- 

peratures* 
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pcralures. I have made a confiderable feries of experiments 
• on. thif fubjea, which I fhall (liortly fubmit to the National 
Intlitute. I Aiall only remark in this place, that the oxigenat- 
ed muriatic acid is obtained at the commencement, if the 
nitrate of ammonia be not entirely free from muriatic acid; 
that at a temperature not exceeding 220 degrees of the 
centigrade thermometer, the gafeous oxide of azole is obtain¬ 
ed in great quantity, and very pure, without any mixture of 
thofc white vapours which have the tafie of mufiard; but 
that a temperature flill higher, efpecially at a red heat, the 
gafeous oxide of azote is no longer difengaged but nitrous 
gas is formed, and very peculiar white vapours which I am 
at prcfent examining. To prevent any exploiion, 1 always 
mix the nitrate of ammonia with very pure fand. To obtain 
the gafeous oxide of azote in a very pure Hate, the difiiliation 
tnuft be made on a fand bath) and the fire carefully managed. 

When every thing fucceeds properly, the gas is fo pure, that 
it may be refpired immediately; it has an agreeable tafle, 
almoH facchar vinous. If it be mixed with the white vapours 
produced by too Hrong a heat, time muH be allowed for 
them to be depofiled. I'he efieds which Davy has obferved, Davy’s eiperi- 
and Pi£let has deferibed with fo much intereft in his fecond 
letter in the 17 th Volume of the Bibliotheque Britannique, o^rzMmr* 
were perfectly confirmed in my experiments. Several perfons 
who refpired this gas were exalted abfolutely in the fame 
manner. One of thofe who refpired it was very fpeedily in^ 
toxicated, and put into a very extraordinary and moH agree¬ 
able extacy. Others refifled fomewhat longer; one Oniy 
feemed to be fcarcely at all affeAed. The exaltation always 
palled over without leaving any perceptible relaxation, 1 
fiill continue thefe experiments. Perhaps this gas may be¬ 
come a powerful remedy for melancholy a&eAions* 1 fhall 
not fail to communicate the refults of my experiments to the 
National Infiitute. 
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Itcd gum Adri- 
cinth left uftcr 
cumbuftion 3^ 
liuiidredthft 
chiefly carbonate 
of nme> with a 
Ihtfe iron and 
g^ phay of 


White gum 
odracanth left a 
Riidue of 3, 
wrhich contain¬ 
ed the fame 
principles and 
aikalt* 

^Gur^ arable left 
3 containing no 
oDuK. 

Opacity and 
Afficultfoiu- 
hility of gum 

adracant^ 


It^e lime'ln 
gums is com¬ 
bined with acid) 
forming a 
.Ibluble faJt^ 


EjpttiinctU£ on Gtm jlruhic and Gum AdracantL 

% -1/. Vauquex.in 

HPkV grams of rdd gum adracanth produced on combuftion 
three decigrams and a half of white allies, Thefe allies 
diilblved in muriatic acid with efiervefcencey and gave forth 
an odour of fulphurated iiidrogen. Their folution depofited 
a precipitate by ammonia, which was phofphate of lime and 
oxide of irofli. The oxalate of ammonia precipitated from it 
much lime. Thus red gum adracanth contains in 100 parts 
about 3| of aQies, which was compofed for the moll part of 
carbonate of lime, a fmall quantity of iron, of phofphate ot 
lime, and perhaps of a very minute portion of alkali. 

2 . Ten grains of white gum adracanth fubmitted to the 
fame proofs, gave three decigrams ol alhes, which wer^ com* 
pofed of the fame principles as the red kind, with the act* 
dition of a little potalli. 

3. Ten grains of gum arnbic burnt as the others, left threq 
decigrams of aQies, which were compofed of the fame 
elements as the preceding, except that they gave no lign of 
the prefence of alkali or of fulphur. 

I formerly thought that the opacity of gum adracanth, and 
the difficulty of its folution in water, might be occalioned by 
a greater proportion of earthy matter; but after thefe ex¬ 
periments it appears, that (hey are due to another caufe. 

The Jime which I found in the gum, which I am about (o 
mention, was doubtlefs neither in the Hate of carbonate, and 
Hill lefs in that of quicklime; for the folulions of the gum 
were not in the leall alkaline, but on the contrary, lligbtly 
acid ; at leaf! a bit of the gum rubbed on fome papet well 
inoiHened (witli blue vegetable juice) made it fenlibly red. 
It is alfo certain, that oxalate of ammonia and carbonate of 
potafb occaGon precipitates in the folution of gum arabic, and 
that acetite of lead does not form any. It follows from this, 
that the lime is moft probably united to fome acid in the 
gums, which doubtlefs is a vegetable acid; for in being 
decompofed they leave their bafes combined with carbonic 


* Annaks de Chimic, Tom. 54^ 
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Bcid; Jitfit can be neither the ORalic, the tartarooij 0^ the 
*citri^ becaufe their oombinationt ard infolable in fratir, 
and that befideg* they exift bnt in k fmall nomber of vegc^ 
tables; ftill lefs can it be the benzoic^ the galiiCf the morox* 
utic, or the honeftic, which are very rarely found in naturallyy 
and of which the three lad alfo form infolable compound k. 

There only remains to decide between the aedtous and (he The acid muft 
malic acids, which are the moil abundant in vegetable 
kingdom. The iirfl forms, as is well known, foluble com-aialic* ^ 
binations with all the fubdances with which they are capable 
of union; fume of them are even deliquefcent. It is beiides » 
the mod frequent refult of the operations of nature ill the 
vegetable and animal fydems, fince it is formed by vegetation, 
by fermentation, the aftion of the mUre powerful acids, and 
by the influence of heat. 

The combinations of the fecond are for the moil pUtt in* But the malic 
foluble in water; that which it forms with lime 
is not fen fib) V foluble, but when there is an excefs of add;ijnie, 
and its exidcnce in nature is by no means fo frequent as that 
of (he acetous acid; and as the lime which is found in (he 
tranfpirent gums has been incontedibly diflblved in the juices 
of the vegetables which produce Ihefe fubdanecs, M is much 
more pro^blc, that this earth is in them combined with 
^ acetous add than with any other. 

It is alfo probable, that the fmail quantity of pota'fh which The potath la 
I found in the allies of the burnt gums, is united to the fame 
acid, which explains why thefe fubdances are fo feenble to 
humidity, and foften fo much as to prevent their ][nflverfza- 
(ion. 

I am, however, much inclined to think, that in certain Some guaiacoiu 
opaque adracanth gums, which are of diflBcuIt fotution, and 
yield much lime on incineration, this earth is combined with tions. 
malic acid. 1 haire had occafion lately to examine a gum 
gathered by PaMot Bauvois, from the cbchineal nopal, 
which was opaque, fwetted with water, did not diflblve 
uniformly, and which yielded eight per cent, of lime. And 
as the fap of‘every cactus which I have analyzed, yielded 
more or lefs acidulous malate of lime, there is greUt feUfoh to^ 
believe, (hat the fpecies of it which nourifhes thO' Oochineal 
contains it Hkewife: and that k is the prefenoe of this fait 
proceeding from the vegetable, and didblved in the fap along 

Vox.. Xn,*—D eckmbsr, 1805. S with 
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General refults *• 


Ziffre detonated 
with charcoal 
and nitre« 


Fithon with 
black flux. 


The metallic 
button again 
detonated. 


Lixiviatlon 
ftparates the 
acid and arfenic. 


Nitric acid 
diflblve'i the 
cobalt alone* 

Evapotate and 
rediflbive. j 


PURB OOBRtT. 

with the guini which CBufes ita o|»cUy, and obfiru^s ih 
foiuiion in water. It refulU at leaft Trom thefe experiments* 
ih«t die gutm contain, firft r calcareous fall, mod coinmonlv 
the acetate 6f lime; fecondly, fometimes a malate of lime 
with an excofs of acid; thirdly, phofphate of lime; fourthly 
and iaftly, fome iron which is probably alfo unitqd;lo pfhof- 
phortc acid. 
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Mtthodof obtaining Cohdt pure. By M. Tbomsdork 

Four parts of zaflfre well pulverized arc to be mixed 
carefully with one part of nitre^ and half a part of charcoal 
in powder: this mixture is to be projected in finall quantities 
into a red hot crucible, and this operation repealed three 
times, adding each lime to the refidue new* portions of the 
nitre and the charcoal. 

The mafs refulting from thefe detonations ought to be mixed 
with one part of black fluXi and expofed during an hour in 
a crucible to a red heat. 

The whole is then to be left to coo!; the metallic cobalt to 
be feparated, pulverized, mixed with three times its weight 
of nilre, the mixture detonated with the precautions 
above mentioned* 

Theiron contained in.tjie cobalt will thus become Arongly 
oxidated, and the arfcnic acidified combines with the potaih : 
The mafs pulverized is to be lixiviated many times, and re¬ 
peatedly filtered; and thus the arfeniate of polatli formed 
will be feparated from the infbiuble refidue that contains the 
cobalt. 

This refidue is. then to be treated with nitric acid, which 
difToIves the coball without attacking die iron which is found 

oxidated to itsmarimum of oxidation, 

♦ • ' . ■■ • 

.The folution iathen to be evaporated to drynels, the refidue 
redilTolved in nitrous acid, and the liquor filtered, to feparaie 
the lafi portions of the oxide of iron, which might liave 
efcaped in 4he firfi operation. 

* From the Annals de Chimie> Tern, 65. 
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All remains to be done after this is, to ^eOompofe ttie Precipitate the 
tiftrate of-cobalt by pofafti, to wafli the precipitate, and 
cfTedl its reduAion by means of heat. 
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A Ttetv Method of extracting Sugar from Beet-Root 9 

Bjf M* Achard *, 

Thk roots of the beet, after being properly cleanfed, are Beet rooti arc 
fliced and prefTed. Tlie juice obtained is thick, and of a deep 
colour: it contains, bciidcs fugar, albumen, fecu]a» aiKl feparated. 
other mailers from which it muft be cleared, in order to 
obtain the pure fugar. In this procefe of reparation it is, 
that the art of procuring fugar from the beet-root coniifts. 

In a boiler of tin, or of tinned copper, mix 100 lbs. of the Oneft6£h part 
juice of beet root with ounces of fulphuric acid diluted 
with one pound of water ; (hen pour it otf, and let it fiandjuicr, and after 
for 12, 13, or 2^ hours; 12 hours are fufHcient, but 24 willft****' 
not be detrimental to the procefs, as the acid prevents any one part ^ 
change in Ihejuive. In order to feparate the fulphuric acid» *^he 
put into the liquor 7| ounces of wood alhes, to which add 
ioon afterwards, 2 ounces or 6^ drachms of lime flaked intepaistcd. 
water. The fulphuric acid coagulates the albumen, the wood 
afhes, contifting chiefly of lime, and the lime itfelf feparate 
in their turn the acid, in ibnn of an almott infoluble fait. It 
will here be rccollccled, that in the Weil Indies, in the fa¬ 
brication of coarfe fugar, and in the refining houfes of Europe* 
lime is ufed to afliil the reparation, and the cryilallization of 
this article. 

After this fir A operation the beet root mull be clarified; Farther porifi- 
for which purpofe it mull be poured into a boiler fo placed 
as that the fire may a£l equally upon all the whole furface of 
the bottom, in whU'h it is to be heated to a fiate bordering 
upon ebullition, but muil not be fuffered a£iua^v^to boil. 

After drawing out the fire, the fyrup is to be ikimmed till 
the (kum arifes in blackifb flakes* The ]iquK)r is now to be 
filtered through flannel, which mufl be done with Caution, 
left the dregs pafs through with tiie lyri^. Tire Ikum and 
tlie dregaare good for fattening fwine. 


♦ Van Mons’s Journal, Vol, VI. 
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STiporatton till 
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Cryftaniiation 
or|riimng in a 
#anii apart- 
miit* 


The meUflea 
drawn off 


leave coarfe 
fi^r. 


Improvement. 


Th&fyrupj Ibus clarified and filtered^ is placed in a^allow 
cauldron* to the depth of not more than fix incjieC end . 
evaporated over a briik fire, whereby it is prevented from 
becoming a liquid faccharine mucus* which refifts all attempts 
toeryfialltze ii« 

When reduced to about one half of its quanlity* the fyrup 
is to be poured into tin velTels about fix feet in height* and 
half a foot in diameter* with cocks about fix inches from the 
bottom. It miift here be left for two oc three days, during 
which time it precipitates whatever remaining impurities^ 
it may contain* particularly gypfum* At the end of fliis 
period* the liquid may be drawn clear off, and replaced in 
the (hallow boiler, but only to the height of three inches, to 
evaporate; the fire to be gradually augmented, as the Tyrup 
thickens* until it be in a (late of ebullition. The fire is then 
to be damped to prevent the fugar from burning, which 
would render it unfit for cryfiallizalion. 

When the fyrup becomes fibrous, the fire is to be cx- 
tinguifiied. 

In about half an hour afterwards, (he fyrup is to be pouted 
into cones, of which the mouths are flopped with linen doihs, 
and containing a little coarfe fugar-candy* grofsiy pounded. 
Thefe cones ate fet in a room whofe temperature is from 10^ 
to 20^ of Reaumur. 

When the feveral operations have been dexteroufly ma* 
naged* theTugar will cryflallize in 24 hours: but if the eva¬ 
poration* or taking, has been too bftfly* the whole becomes 
a granulous mafs* with the interflices filled with melafles. 

When the fugar is well cryftallized, the mouth of the cone 
is to be opened, and an eartbern velTel placed under to catch 
the melaffes: this operation, according as the fyrup has been 
tn&re or lefi baked takes three or four weeks. 

The fubflance remaining in the cones, of a yellow colour* 
more or lefs tinged with while as the baking has been well or 
ill conduced* iw granulated cryflals of various fizes* is the 
coerie fugar of beet-toot. 

Mr, Achard# in order to fave time* and to avoid (he ufe of 
veflTelfi.for fettling the liquor, afterwards deviated from.his 
original*plan* by adding to the fyrup^ when half evaporated 
as above deferibed* for every twelve quinta:is of roots ufed* 

five 
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fiM ^rts of flcimmed milk, and Ihorlly aftermrds one 
* quari of.vinegar. He then proceeded with the fecond eva> 
poration in the boiler. 

This fugar by refining may be made to anfwer all the ufes Subfequent re- 
of that of the Weft Indies, and may be rendered equally ** '*^‘**** 
white by the ufaal procefs. 



IX. 

On Nickelinc (Miccolanum)i a Metal in mar^ Rejpe^ts rejhm~ 

bling Nickel, lately dijlovered hy Dr. J. B. Richter.* 

J HAVE long fince conje6lured in analyiing the cobalt ores Safpidon ^ a 
of Saxony, that they contained, befides cobalt, arfenic, cop- ^^J“*** ** 
per, nickel, and iron, another metal which refembled nickel 
in many f its properties, but the means which I have hitherto 
employed to feparate it did not before afford me any fatisfac- 
tory refults. 

I was chiefly furprifed that nickel, after being purified by Reaurkable 
the liquid procefs from cobalt, iron, and arfenic, and di«rcdof 
that reduced without the addition of a combuflible body, and arlcnk tod 
never formed a raafs, but was always found difperfed in fmall 
particles in a hard heavy mafs, which had the appearance of fioaii globules 
the remains from vitrified copper. 

This hard matter had no metallic luftre, neither was It at- through a 
trailed by the magnet: Its colour was of a blackifli grey on 
the furface, with a fmall degree of brighlnefs $ and in powder 
it was brown, greyifli, and greenifh. 

Some weeks ago I endeavoured *.o reduce per yb almoft half Experiment with 
a pound of oxide of nickel, which I had purified as well «**f^^*^**^ 
poffible by the liquid procefs, fmr the greateft part of a year, idckel. 
at a confiderable expence: as this oxide was not of a lively 
green, I though^ this was caufed by the extraAive matter** 
which might be in the polafh employed for the precipitation 
of the fnlphate of nickel from the ammoniacal preparation : it 
is true that this triple combination had not that beantiful 
grafs-green colour which it commonly had; but 1 tliOilght this 


^ Aftnalet di Ckimih LXIV. 
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matter was 


naiglit be caufed by the fubditution of the potalb lo|be'aic« 
inonia mixed with the copper, which coaid nut be feparated . 
bat by the reduflion pcr fe^ 

Coly aiiqall From thefe ideas 1 hoped to have at lead four ounces of 

Sukerih°ainaftP®^^®^^^ nickel, but was difagreeably furprifed.by find- 
wasobtawedi ing in the crucibles, which were deformed in the ufual man¬ 
ner, and perforated by the vitrified copper, a rou^h mafs 
with the appearance I have before nieiuioiied, and which 
contained only a morfel of about two and a half c!ratTi<{, and 
confequently only five drams of pure nickel in the i.. o cru¬ 
cibles. 1 reduced to powder in an iron murtar the leniaining 
^j^^^mafs (which could not properly be called fcoriae), and fepa- 
pulveriscd and rated from it by the fieve and the magnet, the particles of 

nickel which it might contain, which produced near two and 
nignetand by * drains more; and that nothing might be iofl, 1 treated 
nitric acid. the powder with nitric acid, which aitacked it vigoroufly at 

® folution ot nickel, but after that did not 
pvenomore ad on it in tlie lea/l, fo that the powder w'as but little dimi- 
tegulus* jilflied in weight: in expofing this matter to reduflion per Je, 

it produced no regulus, but merely agglutinated its parts. 
Themafibeing Having again pulverized the mafs, wiiich weighed almofl 

w u^<^^with ounces, I mixed with it one ounce of ciiarcoal in powder, 
charcoal, and expofed to the fire of a porcelain furnace during eighteen 
mme hours, in a crucible clofed with a luted cover, in a part of 
weight of meui furnace which feemed to me to have muli heat. After 
iu one mafs. having broken the crucible, which was in a found flale, I 

found, under a fcoria of a deep blackitli-brcwn colour, a well 
fufed button of metal which weighed two ounces and three 
quarters: it was not at all conncdled with the adjoining parts 
of the fcoria, and had at its inferior part a particular (faape, 
which was caufed by cavities which were not produced by 
the crucible. 

This metal had the grey colour of Aeel, inclining a little to 
^ ^ ^ ^ red: it prefented tn its frafiure a grain not very fine: it was 

msUeahlc, msg* f^^ber bard: could be extended a little under the hammer in 
gical, ftc. ^ cold dale: heated to rednefs it endured little the firckea of 
the hammer: it was altradied by the magnet, but not fo 
flroDgly.as either iron or nickel: it had many properties com* 
mon to, nickel, but it was diilinguiflied from it entirely by 
pthors. As many of thefe properties were fuch, that thofe 

not 
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ftal acquainted wilh nickel in its perfefily pure fiate 
-nlightlake it for that metal, I have called it Nickeline (Nic^ Name KiMm. 
colanum,) 

The nickeline was Free from all the metals which are found 
in the cobalt ores, except a little copper. 

The fpecific gravity of caft nickeline, which enters more |P*®**^**?'^*? 
readily into fufion than nickel, is 8,55 ; and of forged nicke- diflilvei 
line 8960 . On putting it into nitric acid and heating it, it 
is attacked more quickly tlian nickel: 1 remember having 
obferved an equally violent adion of nitric acid on nickel 
reduced by charcoal, which I then confidered as pure, and 
which 1 dilToived in order to precipitate from it by potalh an 
oxide, which I might reduce per Je, 

The fulution of the nickeline went on well; being come to 
the point of faturalion, it had a blacki(h*green colour^ and 
afliiined a gelatinous confiAence. 

1 employed my firft care to feparate from it a part of 
iron which I thought it contained, and left it to dry a little ^T^Reuduc 
ijver a fpirit lamp; the mats became continually of a deeper • powder* 
green, and in approaching to drynefs it gave out much red 
vapours, and the reiidue became of a blackitli grey ; I added 
diAilled water to it, which dilTolved but little of it, and that 


which was dilfolved was an infignificant quantity of nickel. 

I poured muriatic acid on the blackilb powder well walked, 

!• I . j.,. ^ . riauc^cid. 

wliici) gave a green foiulion, in diiengagmg a Itrong odour Green foJutioojc 
of oxigcQated muriatic acid. d 

7"hc muriatic (uluiion was, as well as the nitric folution, ofdijh 
H deep blackiQi grafs-green colour: being evaporated to dry- bp 
nefs, ii produced a reddifli mafs, which became green in a 
nioifi air, and which communicated the green colour to water 
in which it was diffolvcd. 

This dprk-colourcd oxide of nickeline was infoluble in nitric ®f 

niofcieluie 

acid, gnd in fulphpric acid ; but if lugar or alcohol was added, ibinble in nitric 
the folplion took place with facility at the boilipg point, lulpharic 

The fplphate cJf nickeline, being combined with water, i» 
alfo of a blackifl) greep; but it atfumes a pale red colour on nutten 

being deprived of the water. kelme!** **^” *^' 

Jf carbonate of potalh be added to the preceding foluliona Precipiute bp 
of nickeline, it uccaltons a precipitate of blue carbonate of - 

nickeline, inclining a little to grej' and green, and of 0 pale^^^** 
tint; This combination is very light and fuft, and diflblves in 

the 
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the ftcidt vrith a flrong efiervefcence. I remember ^heve 
had, fome yeefs ago, this precipitate of a bad odour, andT 
not then to have examined it, confidering it as a mixture of 
iron, nickel, and arfenic, (which lad continually made ilfelf 
noticed by its odour of garlic): But at, lad I fufpeded its 
nature. 

by If the folution of nickeline is decompofed by caufltc potalh, 

it gives a precipitate which refembles in its colour carbonate 
of chrome; that is to fay, it is of a deep greenith-blue, which 
does not change when it is wathed: being dried With a gentle 
heat, it aflumes a pale colour, which becomes deeper when it 
is moifiened with water. 

by ammonit* If any of the foregoing (blutions of nickeline is mixed with 

ammonia to excefs, the liquor aflumes a pomegranate red co¬ 
lour, and remains tranfparent; which proves that it does not 
contain any iron, beaufe that this latter is not foluble in 
ammonia. By candle-light this folution is with difficulty dtf- 
tinguiflied from that of perfefily pure nickel; but by day¬ 
light, this latter is of an amelbyfl red colour, as I have elfe* 
where remarked. 

Point* of com. I ftiall now compare the principal properties in which nic- 
nicicSin^and**^ keline refembles allogeliier^ or in part, nickel or cobalt, and 
nickel or cobalt* (hofe in which it is diflinft from them. 

It refembles cobalt*^ 

JUiemblances of !• By its property of fuper-faturating ilfelf with oxigen at 
ai^kelme and the expcnce of the nitric acid, and thus forming a body which 
cob^t. refembles the black oxide of manganefe with regard to its 

folubility in the acids: 2. By its properly of not being re¬ 
ducible bat by the intervention of a combuflible body* 

It differs from cobalt— 

Differences be- 1, By the blackifh-green colour of its folutions, even when 

they are entirely neutralized. It is known that the neutral 
folutions of cobalt in the fulphuric, nitric, and muriatic acids, 
are of a crimfon-red colour; and that the muriate of cobalt 
alone becomes of a greenifli-blue on being deprived of its 
water: from whence it happens that an excefs of acid pro¬ 
duces this colour, becaufe it combines with the water: With 
the -aormle of nickeline precitely the reverfe takes place; 
„ . when mixed with water it is green (although of a lefs bean* 
tifol colour than the cobalt without water)i and when de¬ 
prived of its water it becomes reddilh.—2. By the colour of 

its 
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iU carb^scte: that of cobalt is of a beautiful poppy-blue, but 
' flse carbonate of nickeline is abluifh-green inclining to a pale 
grey.—3. By tiie colour of its oxide precipitated without car¬ 
bonic acid; that of cobalt is of a deep bluet and changes on 
wafhing to a blackilh-brown; but this oxide of nickeline is 
of a greeni(h-bluet and its colour does not change. 

Nickeline refembles nickel— 

l.By its (irong magnetic quality; although this is f^Ot foR^ctemblancet 
great as that of nickel.—2. By its malleability^ which how- ni^cU 

ever is lefs than that of nickel.—3. By the deep green of its 
folutions; although this colour is not fo beautiful as that of 
the folutions of nickel.—I'. By the lofs of this green colour 
when its neutral combinations are deprived of water.—5. By 
the colour of the acid folulion with an excefs of ammonia, 
which cannot be well perceived by candle-light. 

Nickeline differs very didinAly from nickel— 

1 . Becaufc it cannot be reduced without a combuftible Differences U* 
body added to it.—2. Becaufe nitric acid attacks and oxidates 
it more eafilyi Nickel is not near fo readily afied on by (he 
nitric acid if it is not mixed with the nickeline, which aimoff 
always happens with the magnetic nickel which is coniidered 
to be in a fiate of purity, and which has nut been reduced 
])€r fc before ray difeovery.—3. It alfo differs from nickel by 
the property firft mentioned of thofe in which refembles 
cobalt.—i. By the colour of its combinations with the acids, 
when deprived of water; This colour in nickel is almofi a 
buff (dtaniois), and in nickeline a reddifti, except in the 
nitrate of nickeline, which cannot be deprived of water with- 
out decompdfing it.—3. By the colour of the precipitates, men¬ 
tioned in the fecond and third articles concerning the proper¬ 
ties wherein this new metal differs from cobalt, which are in 
tliofe of nickel of a green colour entirely different from thofe 
of nickeline, which latter are of a much more agreeable 
green^ efpecially thofe of the carbonate. 


£eUer 
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X. 

Liilcrfrom 6. Comb£Bland, on a Pnijcfifortxtcndti 
Roadi on the Principle qf the inclined Plunc^ 


Account of rail- 
roads» 


cnnimnnicated 
toDr« Anderfun 


Another plan 
by an inclined 
toad. 


particular de¬ 
tail. Difpatchcs 
may be rolled in 
a fpherical cafe 
down a long in¬ 
clined channel. 


To Mr. NICHOLSON. 

SIR, Oa.26, 1805 . Wefton^fnpra-Mate. 

/\B0UT ten years ago having frequent occafion to remaik, 
and fufier from, the niiferable Rate of the roads from Staines to 
London during the winter leafon, I ventured to propofe (not 
liaving at that time either feen or heard of railroads) a plan 
which I called a truck-rmd tor the whole ot that Rage, bccaufe 
it was intended to convey all forts of goods a|ul even carriages 
on (rucks, going to (own on one fide of the old road and re¬ 
turning by the other. 

This plan I fent fome lime after lo Dr. Andeifon, with a 
drawing, for his Reiteniionit, but by fome accident it was mil- 
laid and loR; and (he rcwaid of jny iroubie was (he fly fneers 
of my grave Windfor neighbours, lo wliorn it was known, 
accoinpanied with a (orl of pit^ for heads capable of propuirng 
fuch eccentric inventions. 

Time lu^wever revenged my caule, by fhowdng them (he 
pra6l[( abi!ity of fucli fclicmes in (he pr^ grefs of (he Surry 
und(T(aking. 

Ai tile fame lime mu thcr plan of cxpcditicus coiivcyDrce 
occurred to my mind, but which 1 was deiened from (hen 
producing owing to (he cold reerption my hift contrivance 
met with—And as no one, as iar as 1 ran learn, has hilhcito 
brought forward any improvement of the kind (alihougJi fo 
very obvious that it might eafily be luggeRed lo the ndnd of a 
child who had heard of roads on inclinc^d planes,) 1 take the 
liberty lo recommend it (o your pairiotic publication, convinced 
that w halever may, at one time or other, be (*f fervice lo man¬ 
kind, will be always fure of a favouiable leception at your 
hands. 

The plan I propofe then is this:—That all difpalchcs and 
poft-leUers may, wherever it is compatible w ith the inclina¬ 
tion of the ground, be conveyed ten or fifteen miles to and from 
London by means of iron or xcooden Jhells qf a globular fo}'mf 

rolling 
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cylinder i^.brkk or ftone. When clofed and locked, 
• a due*,fn 9 menlum being given.at a proper elevation^ it is eafy 
to fee 4l)a^ their fpeed and fecurily mud far furpafs any other 
mode of conveyance that we at prefent know of; and all that 
would be needfary i(i addition 4o the machine would be loliave 
proper beds of (and or wool bags to blunt their proje3iIe force 
at the end of their career, 

I flmll not at prefent enter into the difeuffion of the coiv 
flru£lion of the (ube-roadi or go to a calculation of their cx- 
pence; but if you think the bare hint worth publifliing it will 
give me pieafuie, Ihoiild the idea be approved* to go into all 
tho minutiae ot their utility in other refpcdtSi and the means 
ol their ultimate accOmpliQitneiU ; 

Being always. Sir, 

\uur obliged humble fervant, 

G.C. 


XI. 


On the Stait' of Prf zniclal Societies Jor Sii(n:ff>.c mid Lilcraiy 
Improvauait, Bi/ a CoKKispoNUtNT, 


SIR, 


To Mr. NICHOLSON. 


Being inthetuftom of vifiiing Aberdeen, in one of my Great advinb^ 

Jail lours, I inquired if tiure were any Antiquarian or Li-'"'"“*** *^" 

^ , r . . , , , , f«JIt to the town 

lerary Society, or Subfcripuon Library there, ann vvas mucli of Aberdeen 

furprized to find neither one nor the other; there is, I was the efta- 

told, an Ailiacneum, in which a good number of iicwfpapers, 

and fome of ^he mod refpeflable period't ai publications, are &c, 

taken in, and in a room above lhaf, a circulathig library; 

this lad I knew to be the property of two very refpcclable 

bookfellers in Aberdeen, and 1 believe the former is alfo, but 

the two united by no means effeA the utility of either a lite* 

rary fociety, or a Jub/cription library, in which the books, 8fc, 

fire the properu/ of the members, and xvho/e concerns, fuch qb 

vhonfiug and ordering books^ anti the like^ aieamduiitd byucomr^ 

mittce, chojen out oj the fubjenbers. Few ol thofe who know 

that there is no fuch indilulion there, when they confider'the 

26fpe£iabili(y of the place, cither in a conunercial or literary 

viety. 
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view, but xnuft feel greatly eftooiflied ; and more partjoahrly 
will the want appear, when it is alfo knowo» that in MoDtrofcy ' 
Arbroath, Dundee, and Perth, places much fmaller than 
Aberdeen, and not poflfeffing suiy college eAabliftiment, there 
are /uif/cripiion libraries, oa tie above plan $ nay, that Perth 
hath alfo^an Antiquarian Society ! Subjoined is a lift of fome 
other places in North Britain, enjoying the advantages of fuch 
eftablifhtneuls as I would recommend to Aberdeen; fume 
of whom, it is obvious, have not near the profpeft of fuccefs 
that that place could command. 

Glafgow, Paifley, Greenock, 

Kilmarnock, Linlithgow, Haddington. 

On the borders of Northumberland, Dunfe and Kelfo, 

The annual fubfcription to none of ihefe is more, in feme 
cafes not fo much, as to the Athxneum of Aberdeen and others, 
and they all poflfefs very excellent and increafing feledions 
of books. 

I am, Sir, 

Your’s refpeftfully, 

A TRAVELLER- 

Yuri Hotel, Bridge Street, 

Black Friars^ 

and to other le* Fm S, 1 am forry to be informed that neither Invernefs, Banff, 
fpedable and or Peterhead, poflefs fuchinflitutions, particularly the hr ft, which 
^ ^ * prefects fuch an abundant number of objects to the antiquarian, 

and is furrounded by, and contains, fo many gentlemen of 
diflinguiflicd liberality, and ingenuity; atthisplace thenorthern 
meeting was eftabliflied for the avowed purpofe o promoting 
intercourfe amongft diAant families, but how much more might 
be effeded of general amelioration and comfort, by the efta* 
blifhment of a Literary and Antiquarian Society, in which fub- 
jeds tunneled with general improvement might be difeufled, 
and books in chemiAry, agriculture, and other more imme¬ 
diately ufeful parts of knowledge, colleded. 


Notice 
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Notice of certain It^ances qf wapfid NegUgena in Jbme Fyheria 

in the Norths By an ENauiRsa. 

To Mr. NICHOLSON. 

SIR, London, 10, 1805. 

It N mentioned in the Slaliftical Reports of Banff and Peter- Inftances of 
head, that thehfhermen there never think of carrying their fifh fo^* 

along the coali fouthward, which they might do, to Leith, in fiiheriefi. 

24< hoars, or with a good brifk wind to Berwick-upon-Tweed, 
or even NewcaRle-upon-Tyne; but when their rGfpefiive 
towns are fupplied they throw the remainder vpon the dunghdU 
for manure! this was politively affirmed to me as a truth, by 
a gentleman of great refpedability of Aberdeen.—At Arbroath 
another cuftom equally as extravagant in its kind prevails, 
and of which I have been a witnefs: the crab fifhery there is 
fo produflive, that after boiling them, the bodiet of the crabs 
are thrown away, and the large claws only brought to table! 

Ought not fuch amazing wafle to be remedied i * 

Your's refpedfully. 

An ENQUIRER. 


XHL 

■ 

On Bile, By M. T hen a r d f. 

Bile has been commonly conhdered as a faponaceoas liquor Bile eonfidertd 
charged with albumen: but it has been found, upon clofer alb* mS 
veftigation, to prefent phenomena which cannot be accounted 

^ What may the value of manure procured from fitb attheih 
places, compa(rcd with the price of the article at the neighbouring 
markets, fubjeft to the deduflion of carriage (coaftwife), and the 
effeft of a rival Aipply from nearer parts of the coaft ?—^The frifls 
which would folvc this queftion, would thew whether the 61hennen 
ncglcft their intcrefts in thefe proceedings,—W. N. 
t Bulletin des Sciences, No. 85. 
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DsftruJlivi; rtif* 
tillatlon leaves 
oae-cighths in 
which is only 
onc*fifchof I 
fodaj and this 
cannot laponify 
the oil* 


for merely by the prefence of thefe principlea: this i^ittore 
parlicalarly to be obferved on fubmitting it to the aAi6n of 
fire and of acids. 

Bile, -if di’flilted to drytiefs, leaves a refidtium equal to |th 
of its original weight; from 100 parts of which culcincd is 
obtained a carbonaceous matter, comprtfing feveral kinds of 
fall; as marine fait, phofphate of foda, fulphate of foda, 
phofphate of lime, oxide of iron, and four parts of foda. Bile 
therefore contains no more parts of its weight of foda. 

So fiuall a portion of alkali would not be fufScient of itfelf 
to dilFoIve that quantity of oil which is known to cxiA in bile: 
a fair prufumption may therefore be entertained that this •li¬ 
quor contains I'onfic other properly to fupply the abfence of al¬ 
kali. This conjeflure increafes to Arong probability, if not 
to abrolute ccrlainly, in attending to the aclion of acids on 
bile. 


Acid feparates If a few drops of acid be mixed with bile, a liquor of a 
oil and alburnen obtained, whicl) ftains papc'r of a bright 

clear fluid is yellow. In this experiment little or no precipitation is per- 
bitter, and af- ceived ; but on the addition of more acid, it lakes place abun- 
a^refiduum!^* danlly : the. matter depolited confiAsof albumen joined with 

a very fmall portion of oil, not at all correfpondent the 
quanlily of thefe fobAanceslobe found united in pure bile. The 
liquor remaining aficr Altralion is of an extremely bitter taAe, 
and leaves on evaporation a refuluum equal to what is ob¬ 
tained from a like quantity of bile in its original Aate. 

The oil with an On diffolving the oil, which had been prcviouflv obtained 
alkali and aibu- from bile, in alkali, and adding to the ley produced, a portion 
men IS not ic. a combinaliun took place w liich was decompofed 

by the moil feeble acids, and from which vinegar precipitated 
all the oil. This combination, therefore, wasnotbif^; con* 
fequently bile conlifts not merely of albumen, oil, and ioda; 
and this is the reafun why fuluble falts, barites, Arontian, lime, 
and feveral metallic diirolvcnts, make no imprellion upon bile* 
Bile containi a No linger doubting that there exiAed in bile a matter peculiar 
peculiar matter, tO itfelf, I endeavoured I o feparateit; and after a few (rials, 

I fucceeded, by means of a combination of acefous acid with 
lead. 

Acedteof lead "On pouring into bile acelito with a fliglil cxrefs of oxide of 
precip. the oil lead (that is, dcelite of common lead boiled with aliout the 

liquOT byevap. weight of litharge deprived of its carbonic 

acid)' 
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tHc whdle 6f the aibumen and oil were precipitated; the gw » fab-lancc 
• Itquor being filtered, the oxide of lead «id acetite were fopSb'part 
rated from it by means of fulpburated hidrogen; and by eva4 
poration^ after having again filtered (he liquor, a febfiance 
was ojitained wbofe Havoar was at once faccharine and acrid, 
famewhat iimilar to (he juice of certain kinds of liquoricer 
Bui as this fubiiaiice was tliil fuppofed to be charged with the 
faltsof the bile, changed into acetite, by theaceliteof lead, 
it was precipitated witli acetite fuper-faturated with oxide of 
lead, containing one part of the quantity of acid found in com* 
inon lead; the precipitate was ditfolved in vinegar* to free it 
from the fulphurated hidrogen,, filtered, and ^ain evaporated ; 
by which means (lie matter wgs obiaincd in its greatefl purity. 

Its principal qualities are had the p^^ulUr 

1, Being foluble in W'ater, and in alcohol, (lightly deli- 
quefeent. 

2* It is not precipitated by acetite of common lead ; but is 
entirely lo by ifie falurated acetite of lead, which precipitate is 
foluble in acetite of foda. 

3. It will not feiinent with yeafl; v^ill give no ammonia 
by diftillulion; and is. not alleded by the prefence of nut- 
gall. 

4. It dilfolv'es the oily matter of bile: but to facilitate this 
operation, it is necelfary to difTolve the two matters together in 
alcohol, evaporate, and wafh the refiduum in water. One' 
part of the facchafine and acrid iubllance diUblves only threc- 
tourtlis of the oily matter. Now, as thefe matters are nearly 
ill equal proportigns in bile itlelf, it niuil be admitted that 
foda contributes towards the complete difToIution of the oil; 
neverthelefs acids fcarc(*Iy, if at all, alFcA it. 

In lefleAing on the ab.>ve experiment and its refults, 1 con- BHe conful:; of a 
eluded that bile was a triple compound of a little foda 
much oily and faccharine matter; that acids decompofed it bccharlne mat- 
but in part; in ether words, that it was capable of containing 
anexcefs of acid wit hout having its portion of foda neutralizcJ. 

I therefore calcined bile that had been acidulated with fnl- 
phuric, muriatic, and other acids and found in each cafe the 
foda left in the calx : it is therefore very probable that tlie fac¬ 
charine matter, in conjunclion with the oil, decornpofed a 
certain quantity of marine fait, and dcHroycd Uie power of the 
acid. 


It 
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Kumerica] re- 
fu1t« 


It w6vM have; beeti of little fervioe to defcribe the 
toent parts of bile^ bad thehr proportions beeh lefl unalceftained; 
I'hflve therefore ^ideavonred to determine them in the fdlow. 
in^ atml3f{H: 

* By meins of nitric acid. 1 feparated the animal fubftance, 
which tf Xuppofed to be albumen, with a very fmall portion of 
oil: this being foluble in alcohol and the other not, it was 
eafy to afcertain the weight of each. I then precipitated all 
the oily matter, vrith acetite and a fmall excefs of oxide of lead; 
this precipitate being mixed with the metallic oxide, I diflfolved 
it in weak nitric acid; after filtering the liquor, I deprived 
it of the lead which remainedi by means of falphurated hy¬ 
drogen; and by evaporation, I obtained the peculiar fubfiUnce, 
mixed, indeed with the falls of the bile, which had moilly 
undergone a change by the acetite of lead^ and whofe weight 

had noted. 

I afcertained the quantity of foda by calcining 100 parts ex¬ 
tracted from bile, and comparing with much care how much 
therefiduum would imbibe of addb at 16^, with the quantity 
imlnbed by pure foda. 1 alfo, by tacfUns not neceffary to ilate 
here, obtained the quantity oFiUach of the other falls con¬ 
tained in bile ; from all which experiments, made with the 
utmofi care, I conclude that 800 parts of the bile of an ox 


contain— 

Water 
Oily matter 
Particular fubfiance - 
Ammal fubfiance 
Soda 

Marine fait • 
Sulphate of foda 
Pb^phate of foda 
Pbofphate of lime - 
Oxide of iron - 


700 Parts 


. 43 
41 

- 4 
4 

- 3.2 


0.8 

2 

1.2 

0.5 


799.7 

If, B, This calculation is deficient of the given q 

' Brie forms an interefiing fubjeft for a number of other*re- 
fearcbes; the varieties to be found in the feveral fpecies of 
animals, and which a multitude of circuihfianoes, particularly 
a morbid afie£Uon of the organ which fecretes ii, may modify; 

5 tlie 
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^ csiceSi nrbicji ara there farmed^ andsMW of A f>eeiifi4f ;iMi» 
tare $ Ihe oleagimms acid animal fubfiancei; and that 
cular ibdHer, differiag from all others hitherto knowo ; «rUI tied 
fail to excite a lively inU^eft, and are the fiilyed of fevctal 
other Papers which 1 purpofe diortly to bring before the 
public. ' 




XIV. 

2wt)fflfiort^'0/n ^ir George Stauwtom*s Ennhaff^^ctmitaininga 
Def<;ription of Fire Works unknoxun in Eutope, Propofed by a 
Corrcfpondtnt xvith a View to obtain Explanation qf the Means 
by which they were produced. 

To Mr. NICHOLSON. 

SIR, 

I prefumc to think it will accord with the general aim of your tatroduQIont 
excellent colle^ion to infert Uie following quotation; and I 
indulge the hope that your compliance with my fequeli for 
tliat purpofe may produce an explanation from Tome of your 
ingenious correfpondents. 

I am Sir, 

Your conflant reader^ 

P. M* 


'* After the ballets. Fire-works were played off; and even RemarkabW 
in the day-time had a ftriking efTeft. Some of the contrivances 
were new to the Enghlh fpeflators. Out of a large boX| among 
other inllances, lifted up to a coniidcrablc height, and the 
bottom falling out as if it were by accident, came down a 
multitude of paper lantern^, folded flAt as they iffued from the 
box, but unfdding themfelves from one another by degree^. 

As each lantern adumed a regular form, a light was fuddenly 
perceived of a beautifully coloured flame, burning brightly 
within it; leaving doubtful by what deluflon of the flght thofe 
lanterns appeared, or by what property of combuflible mate* 
rials they became thus Ughted, without any communication 
from the oiitlide to produce the flame within* This devolution 
and developement were feveral times repeated, with a difference 
Vot. XII--^DacEiiiBER; 1805 . , T of 
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of iignre every time, a< well as of the colours, witb-wfaich (he 
Chinefe feem to have the art of clotfainf^ fire at pleafore. On 
each fide of the large box# was a correfpondence of fmaller 
boxes, which opened in like manner, and let down a kind of 
net work of fire, with divifions of various forms, which foone 
like burnifoed copper, and flafhed like lightning at every im* 
pulfe of the wind. The whole ended with a volcano, or 
eruption of artificial fire, in the grandell Staunton^s 

Efnbajfy to China, Volume IIL page 73. 




On the Carbonateqf Po>,^Jh. By -i/tACHER*, 


Carbonate of 
poUfh requires 
So be formed by 
pafiing the gas 
through a cold 
alkaline folation 
till It cryftal* 
lisesi and not 
by evaporation* 


The gentle heat 
of Curaudeau 
does not faccecd. 


Chemists know that carL^uaJc ^jotafii well faturaled, 

fo as to efHorefee, can only >y ma' ing pafs through 

a cold alcaline folution a .rr • <■•<' carV ^cid fuflicient 
to caufe a fpontaneous r jfiallization. on (topping tha 

difengagem^^nt of gas aL th . mom '"' tlr. earth of the 

alkali appears to be depobted, i *■ .ating (he liquor by a 
mild heat, there are<"jly Ian* az obtained, which 

foon deliquefce. 

Alkaline ley warmed by h n ' (an ccording to the me* 
thod of M. Curaudeau, do^ fucc any better in form¬ 
ing a well O^tuffi ed alkal' cvapor? ‘ n. 1 have experienced 
that itscr/fta'^' grrr/.* i. \ and tl •‘hor himfelf acknow¬ 


ledges a /'iglii deh (u'.fceijce. 

Wetfer's tppa- I( general!** af;reed, that 1* . ;^paratus of Weller, de- 
t^^nd*fo ^ '/enty-fevenlh me of the Annales de Chi- 

ii that of Pelte*nil^* ^t>o complicated, and '^jat of M. Pelletier has been 
tier* adopted in its place In aim' all laboratories, with fome al¬ 

terations in the difpofition thefirfi bottle, to which is fixed 
a tube with a doable or triple perpendicular curvature, for 
the introduflion of the and, or a long pipe of gtafs terminated 
in a tunnel. The chalk mix^d with water to the confidence 
of thin foup, is poured by degrees into this pipe, which is 
(lopped by a gtafs rod accordingly, and the gas is forced to 
traverfe the bottles containing the alkaline ley. 


From the Annales dc Chimie, Tom. LV* 


This 
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Thil method is iii my opinion atteftded with ttoch InCon- 
TeniencCv for when a tube with mar/y-perpendicttlar flejcures 
is ufedy it mull be charged with a column of the fluid fufficient 
to counterbalance the prelTure of the caifbOnic acid gas, and 
confequcntly to give an elevation which expofes it to be eafily 
broken; and when a long horizontal pipeof glafs is employedf 
it often happens tliat the chalk is exploded into the air, when 
the piAon is opened. 

Another method appears to be more Ample and commodious Simpler aietboB 
than this, wl, rh is fomelhing like thtt of Mv Brugnatelli, but ® 
the Italirxi ch' mift has not publiftied ihe details of his method^ 
withont Vtfhich it Is impolliblc Jo be followed. 

A kilogram of chalk in powder is lobe put into a bottle with 
two or three necks, capable cl ( ^ntaining ^2 kilograms of 
water; on ihis is to be poured a litre of a mixturj of one and 
a hall kilogram of vitriehi-acid, with kilograms of fpring 
water, Ih^ ^ai is expelled, and a cruft of fulphate is formed at 
me (urfact of the calcaieous carbonate. At the end of two 
hours all the reft of the acid water is tv be added, and the 
bottle flopped quickly. Bubbles of the gas will be rapidly 
difengaged, but they will by degrees be difeharged more flowly, 
and continue to te fo moderately for tw'eniy-four hour^; then 
the mixture is to be ftirred with an iron rod, and the gas will 
continue to be developed ibr21' hours more, with little in¬ 
terrupt ion. 

I found the term of the efFervefcence prolonged by the re- 
fiftance vi’bich was oppofed lo the aClic ' ^ilphuric acid 

on the chalk by the denfity whicti If ^omi nation neceflarily 
acquired; which den ft ty the tendency of tiie lulphuric acid 
to augment the folubility of the fulphate of lime, fixed to pro* 
per limits. 

As my apparatus, with the exception of the firft bottle, is 
the fame of that of M. Pelletier deferibed in the fifteenth Vo¬ 
lume of the Annales, 1 fhall not fpeak of it, but only make 
the followingreniarks: 

1. Pelletier was wrong in neglefting to ufe an intermediate 
bottle half filled with water: which is very neceflary to fepa* 
rale the fulphuric acid which the gas always brings over. 

2. The tubes of an inch diameter, being too difficult lo be 
bent, may be replaced by others of feven or eight lines aperture, 
which will do eqaall|!' well. 


5. The 



ig!f$ ttrMiKotts loTTtt; 

3« Thtt alkftlifie (bIation» made hj two lb«,alkafi tolKneHfi^i 
water, orySiAien too quick, and before the precipitation oF ' 
Uw fihfc. 

4, The dofea of alkali and water noft favourable to a regu^ 
hr cryfialliaation, at the temperature of from 5 to lO above 0 
of Reaumur, are one paA of diftilled water, and half a part 
of purified potafti* 

If the refults of my experiments lhall improve the prepare^ 
lion of carbonate of potath, and if the difpofition of my appa¬ 
ratus prevents the neceffity of continually watching its direc¬ 
tion, by procuring without trouble that gentle and continued 
preffure, of which Pelletier perceived llie efficacy for the fatu- 
ralton of the alkali, I have rcafon to think that the true friends 
of chemiftry, I mean thofe who praftife it, will coniider my 
obferyations with indulgence. 

T-■ - ' - .. r.j 

XVI. 

Method cf preparing a luminous Bottle^ viUck long preftrves rfr 

Fffea.^ 

A luxninons It is eafy. to prepare a bottle which fliall give (iifficlent light 
tottU icMof* fo® night to admit of the hour being ealily feen on the 

phofphorus in a dial of a watch, as w'ell as other o'jefis, by the ibllowiug 
long phi*!! pour 

on It bouing oil* . , r /• » #. yi «i t 

The fluid wilt A phtal of clear wliUr glals, ot s. long form, lliould be 

give Ughc In the ^(lofen, ^md fome iine^ olive oil fliould be heated to ebullitieu 
w^eneve/t^^^ another velfcl: A bit of phofphorus, of the Am of a pesw 
coik Is pulled fhould be thrown into the phial, and the boiling oil fliould 

then be carefully poured over it, till tb*- phial is one-lhird 
filled: The phial fhould then be carefully corked; and, when 
it is U) be ikfed, it ftiould be unfiopped, to admit the external 
air, and clofed again: The empty fpace of the phial will 
then appear luminous, and give as much light as a dull ordi^ 
nary lamp. Each time that the light difappears, on removing 
the Aopper ik vvill jnftanlly re-appear. it is proper to 
ferve, that in cold weatlicr it will be neceflary to warm the 
bottle for a little vvbilc in the handa ltefore tbe floppei: is re¬ 
moved, without which precaution it would not yield any light* 

* Sonini's Journal. 


A phial 
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r A phial thus prepared may be ufed evpry night for fix 
months: there is no ^nger of fire from it, and its cofi is very 
finall. 



XVII. 


Analyfts qf the Magnefian Earth of BmdiJJtro in Canaivais fm 
the Department of the Loire,) known by the Name qf Porcdain 
Earth, and hitherto confidered ae a Clay, By M. Giobxkt.* 


The earth of Baudiflero, known by the name of porcelain Porcelain earth 
earth, has been hitherto confidered as one of the pureft argil-“ 
Jaceous earths known in the billory of fofiils, and is arranged 
in our cabinets or' aiinerals as native alumine« 

In a manufaflure of fion&-ware potteryi which has been ufad as fucli la 
cftabliflied at Vineuf, this earth has been ufed fer a long time, **** 
as a clay of extraordinary purity. The celebrated Macquer, 
and with him Bourne, to w'hom fpecimens of this earth were 
(ent from the above manufacture, pronounces pofitively that K Vanouichemifts 
was a clay of fuperior quality to that which they ufed in Ihe 
manufactory of porcelain at Sevres. 


Dodor Gioanetti continued to ufe it in the manufadure of 
bis fine porcelain at the fame Vineuf; and he engaged in# if 
not an analyfis, at leafi fome experiments on (his earth, to ai^ 
certain more precifely the proportions in it between filex and 
earth, which he believed to be pure alumen. Thefe experu 
ments convinced Dodor Gioanetti, that, with the exception 
of a little carbonic acid which be found in it» the earth of 
BaudiiTero was an alumen almofi perfedly pure, oralleafithe 


pureft that he had ever met with. * ' 

This chemifi, whon I made enquiries of him relative’ to 
this earth, aflfared me frequentlyt (hot picked pieces yfeldeci ^ 

him focnctimee ninety per cent, of alumen, incduding. a little 
Garbofric acidy aiid that in the grofs it yielded confiantly at 
leaft 80, 


' On the perufal of themineralogical defeription of themoun* Other auduri-^ 
Hins of Canavais by the Chevalier Napion, it will be ^nd 
that tbit eftimaWG minertdogifi has not hefitated to* declare the 


* Joamal 4e Fhyfique, LIE. 
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earth of foudiflero to be the moil pure alumen ever found in 
{piedmont; aiid again in his element^ of mineralogyi he men* 
tions the earth of BaudiflTero as native alumcn. 

CoQtriry to theft fo pofitively afleried by fcientilic men fo efHmable as 

tflertiona thU Maquefj Baume, and our colleagues Gioanetti and Napion« 

admitted no doubt of the qaturqof this earth; to which au- 
•ctiL Chorities might be added the fuccefs with which Gioanetti con* 

fiantfy ufecTit in his porcelain manufadure. 

Among a number of refearches which I made relative to the 
artidcial bbrication of (ulphale of alumen» I employed myfelf 
on (bis earth, and to my great furprize found that the earth Ctf 
BaudifTero not only was not pure alumen, but did not even 
contain an atom of it, 

Immenfe quin- town of Baudiflero isfiluated at lead three leagues from 


rtttf iron 

Baq^iTero* 


titles of fulphu* Ivree and from Brozo, this lull village, as celebrated for iu 

iron mines as for the manner in which they are wrought, con¬ 
tains in a mountain, among other minerals, an inexhauilible 
mafs of fulphuret of iron of a remarkable purity, where there 
is eftabliftied a manufa^ure of fulpbate of iron by the com* 
buAion of tiie fulphur. 

CAm/cenceof On infpe£ling this manufadure laft year, I was {{ruck with 
theneighbrniringthe Angularly powerful action, which the Xulphoreous acid^ 

S^fulphuiTOus formed by the combuAion of the fulphur, (and of which a part 
iripoun. expanded itfelf to noighbouring places,) exereife^ on the 

great blocks of flone, 

' Thefe flones were a (brt of granite fehiAus; and the ful- 
pbureous acid attacked them fo forcibly that it made them ex¬ 
foliate, and at laA reduced them to a fpecies of efflorefcence, 
or white powder evidently faline, in which its aflringent taAe 
announced fulpliate of alumen. 

Fm^ViCty that circumAance made me think that if a goqd argil was 

fulplttt* of alu* expofed to the a£)ion of the acid it would be alumenated; and 

the earth of Baudiflfero, which I believed to be almoA pure 
tagcoofly made aluipen, being at fuch an inconfidergble diAance, made me 

conceive tbebppcof being able to eAabIi(h with economy at 
Piedmont, a manufadure of artificial falphate of alumen. 

Veiy pronufiag The idea of this eAabliQiment appeared fo me to be(b much 
loctf sdvaatagqi. xnote fortunate as there was at the foot of the feme moun* 

tain which cpntoined (he pyrites, a great turbary, which ex^ 
tended almoA as far as Chinfella, that is to fay, almoA to 
Jgauc^iflero, and wliich might forniAt fuel at a very fmall ex^ 
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|mfe| «Ik) ll ftemed to me that nature, in placing at one fide 
an ineahauftible mine of fulphur, and at the other ineschauA* 
ible mafies of the proper earth of an extremely rare purity, 
and betiaeen them an abundant fupply of fuel» of the fort 
noft proper for this kind of work, had done its utuioil in fa* 
vour of the efiabliftiment I intended. 

There only remained to make Come experiments with a view Experiments 
to afcertain the rooft profitable way of proceeding; and to 
examine principally if the iron which is united to the fulphur 
in the pyrites, would not be injurious to the fulphate of alup 
men obtained. 

With this defign I began by examining the afiion of the earth 
of fiaudiflero on the fuiphate of iron^ and the quantity of ihp 
earth neceflkry for the decompofition of a given weight of ful- 
phur. 

In the different experiments the fulphate of iron difiblved The earth of 
in watefj and boiled with this earth indifferent 

became evidently decompofed after boiling for lefs than a quar*> phate of iron la 
ter of an hour; the iron was precipitated of a blackifii grey, 
while the folution was colourlefs, and ammonia dropped into was add^an4 
it formed only a very while precipitate, which did not an-^he liquor fct 
jiouncemuch iron: I filtered the liquor, of which one part^*^ * 
w^s mixed with a little potafti, and placed fo as to cryflalize; 
and to afcertain whether th^re was any potafh in the earth of 
]3audiflero, 1 fet another part to cryffalize without any alkali. 

1 obferved that the liquors cryfiallized immediately after be- |c fulphate 
coaling cold; but in the place of oflahedrons, I found the^^ magnefiaaitA 
moff perfefl, (he moff beaptiful, and pureff crylials of fulphate 
of magnefia. 

The liquor which remained produced, on a new evapora- All thecryftals 
tion, the fame pure cryftals of fulphate of magnefia; 
did the fame on fucce^ve evaporations and cryfializations to magnefia is m 
the lafi drop of the liquor. Ip this manner was a natural alu- 
men transformed entirely intq magpcfia, qnd at the fame in- 
fiapt magnefia became at opcean excellent porcelain earth. 

|f examples of this kind fliould multiply, the neceffity of che¬ 
mical analyfis for the knowledge of fo(fils will become more 
and more manifefi, and lefs reliance will be learned to be 
placed on ibeir ^external and phyfical charaflers, whi 9 h at prq* 
fent Teems to me to be too much abufed, 

Tlic 
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Molt cueful thi» sfeovi^ onocpedal raTuhi mpifgcd me to ittdce vium 

of tiiie emrth o£ BtudiifttOj and wbioh h 
4hec4$eAdf thieommoir*' * * 

' At the tinw when I foand thatlhe fappofed aTummi of Bato> 
dfRePo in Canavaic^ wae really a magnefian earth, I knew of 
no other example of an earth truly magnefian, bat that of the 
earth of SaKoolIe^ or of Sommieres) which Berard hod made 
^ knOrm •f^ifnnafer de*TbmeXXXlX. p, 65*) 

Other fpecimeni (his magnefian earth there is no mixture of smy other 

earth except filex« and that in a very fm^i proportion, of 
which fafl there are but few examples. But on receiving the 
t^lfth volume of Brochant's Mineralogy, I found that the 
difeovery of a magnefian earth was announced in k, which is 
the native carbonate of magnefia found by Doftor Mrtchel at 
Roubfebitz in Moravia. From the analyfis which he made of 
it, and which is mentioned by Brochant, we are afiirr^ (hat 
the native carbonate of magnefia of Moravia is compofed only 
of magnefia and carbonic acid in almofl equal parts; but the 
yeHowifii grey colovr ^M>tted with black, which Doctor Mit- 
chel gives to this earih, feems fafficiently to indicate the ex- 
iflenceof fome other cenfiitireiit parts. On comparing the 
characters and nature of (he magnefian earth of Baudiffero, it 
will be eafy to perceive the differences which diffinguilh it 
from the other preceding magnefian earths, * 

I^oc^Tituationof The magnefian earth of Baudiflbro is found difpofed in a 

vein in a ffeatite rock, of which the mountain is cbhipoled 
tlmtenclofesit. It is accompanied by an hom.ffcme. Tome. 
iimes of a tnmfparent pale colour, fometimes, when its de- 
compofition commences, of a white almofl opaque. In this 
Hate the hom-ffone does not appear to be that of which Do£lor 
Bonvoifin has given the defeription and analyfis, under the 
natne of the Hydrophane of Piedmont. 

Our magnefian earth appears in mafles, fbmetimes in round* 
i(h lumps (mamelonads) and fometimes in fragments more or 
lefslarge; the lumps and fiagmehts are fometimes, bat rarely, 
tuberculofe. 

This earth is of the mofi beautiful white, in vrhich it differs 
from that of Moravia, of which the colour is a yellowiSi grey 
fitted with black, aqd from that of Sallnelle^ or of Sommi- 
pfes^ which is of a chocolate colour. 


tile ciith of 
^audifiero. 


It is ^uad la 
inafies, tumps, 
pT fragments. 


Beautifully 

white. 
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ThobaVdnefs of this earth ia vtirraUe> foflselitws h w fcft, Soft orbax^fc^ 
{h which fl^le I fhall call it (be earthy fort, mild feme pi^c^ef^of 
it have a coniiderabie bardoefs; as fo afl iB]r esperitoents I 
fried them cotnpafaftively, I (h^l fiame ibis left variety (he 
^Jlony kind, to dtftinguifh it from the preceding. 

The ftony variety is fcraCched by fteeT, fometimes, on the 
contrary, it is hard enough to fcralch ileel. It can be eafily Polverahfe, 
reduced to powder; but with much difficulty to very fine pow> 
der, and this only takes place after long trituration in a mortar air. 
of porphyry. Its hardnefs neither increafes nor dtminiihes by 
(he aflion of the air; in this refpefl it difiers froa:i the magne- 
iia of Moravia, which is very friable, and from that of Sail- 
nelle, which is foft in its bed, and only grows hard on exfic- 
cation in the air. 

The frafiure of this variety is conchoidal and unequal. Fra£turecon« 

Its furfoce is dull; fometimes, but very rarely, ftiinlng fpol* puif 
appear. It is confiantly perfefiily opaque, and moderately moderately * 
heavy; its fpecific gravity is variable. heavy. 

It is a little undluous to the touch in the friable and earthy Slightlyun£lv« 
fort, and but very little fo in the ftony variety. • •“* 

It ienfibly adheres to the tongue, though not much; it ac- * 
quires this properly in a coniiderabie degree when it Is mo* 
derately warmed at the fire. 

Plunged in water, the ftony variety does not abforb it at all; Tlie ToftTpeci* 
the friable fort abferbs it greedily, arid with an hiffing, but the 
mixture does not grow hot. like day. 

The friable fpecies mixes with water to a confiderabte de¬ 
gree, in the fame manner as clay; the fine pftriicles of this 
earth, like thofe of clay, continue a long lime furpehded in 
water, with this dHTerence from thofe of clay, that they do 
not unite together. Urged by the blow-pipe, on a cianiteAre notfufible 
crj-ftal, it is infulibie. ’*3'^ 

Treated in a nafs, on the fire in a crncible, tdpeciaily in a*^ 
red hot crucible, it Toon decrepitates, and divides into thick 
ficaly pieces, «vhir.h feap out of the crucible; this does not 
happen if it is heated by degrees and moderately. 

If it is reduced to a fine powder, and ibentraited on the But appsientty 
fire, as foon as the bottom of the crucible begins to grow ted * emciWe, 
hot, this earth boils for a flrort time, and feems to unite toge< 
tjker, if Bioder-ately moiflened. 

Aa 
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HAGKMIAV baatk. 

An Imndred parts of this earth treated in tins manner^ untit 
the boiling ceaTes, after an hour of incondefcence^ became 
duced to 65« and OAO» The earth calcined in this manner 
throws out that blueilh light which has been obferved from 
common magnefia* 

If the calcination is made in a retort of earthen ware» to 
which a fyphon is adapted, and plunged into a bottle filled, 
with lime water* there is formed in the bottle carbonate of 
lime; fo that the diminution of weight is partly due to the dis¬ 
engagement of carbonic acid, 

A thoufand grains of this earth in fine powder were boiled 
in Ox pounds of diftilled water. The liquor being filtered, 
and then effayed by various reagents, prefented the following 
refult^ 

With the folutions of the acetate, nitrate, and muriate of 
barytes, the mixture became troubled almofr inflantly, and 
formed a fediment of fulphale of barytes, but in a very foiall 
quantity. 

The oxalate of ammonia formed oxalate of lime with it, 
but alfo in a very fmali portion. 

Thefe experiments repeated different times on the earth 
both of the ftony and friable varieties, conftantly gave the 
fame rcfults. 

Lime and fulphuric acid, or fulphate of lime, is therefore, 
although in a fmali degree, a conftilueat part of the earth of 
fiaudiflero both in the ftony and fort ftate. 

. The nitrate pf filver formed a precipitate equally with both 
forts; but remarkable differences were obferved between its 
in the water from the ftony fpecies, and on that from 
the foft variety; with the latter it formed a precipitate, which 
Golledled in a powder at the bottopi pf (be glafs; but wUh 
the water from the ftony kind, belides the precipitate, fila¬ 
ments were produced cpnftantlyy which indicated the prefence 
of muriatic acid. Many times the fulphuric acid*’^ waa 
flrft removed by the apetate of barytes, and after filtration, on 
being treated with (he nitrate of filver, ftill iprmed a precipi¬ 
tate of muriate of filver. 

a It is not clear what the removal of the fu^Auric add mentioned 
here had to do with making the appearance of the muriate t^Jiiven 
feem extraordinary; perhaps it ta an error in the original; the tranf^ 

llrien is literal and correct. B. 
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. The tnfufion of the ftony fort aflforded differences from the 
other, with ammonia alfo; this reagent did not ever trouble 
jthe infufion of the friable fpeciesi but always troubled, though 
ilighlly, the infuffon of the ffony variety. 

It follows from thefe obfervations thatf befides the fulphate 
of lime which both kinds of the earth of BaudilTerocontainedt 
the ftony variety held in union muriatic acid, perhaps in com* 
bination, partly with the lime, which there was not fufiicient 
fulphuric acid to faturate, and partly united to another earth, 
which was not lime, ffnce its folulion permitted itfelf to be 
dccompofed by ammonia; and it will appear that this earth 
was magneffa. 


The fulphuric, nitric, and muriatic acids attack this earth. The ancient nu« 
when it is well divided into an extremely fine powder. 

Their action however is but little apparent, but on theleaft earth, 
addition of heat it becomes flrongly maiked. Very fmallbub- 
blt's of gas, which rife from the bottom of the liquor, a flight 


white fcum which forms itfelf at the furface, and a fmall hif1> 
ing, (hews plainly that there is a difengagement of an aeri¬ 
form fluid or cffervefcence. 


When the earth has been previoufly calcined in the Are, 
their adtion is very different. There is not, as may be fore- 
icen, any effervefcence; but the mixture grows hot, to that 
degree that a true ebullition enfues; in Tome minutes the mix¬ 
ture aflumes a folid form, caufed by a kind of jelly produced 
by it. 

The acid which has the grealefl a6iion on it is the muriatic 
acid, and after this the nitric, and the fulphuric acid after both. 
This lafl however does not dilTolve without much difficulty (he 
whole of (he foluble part, and that after a long continued 
ebullition. 

Tlie folution made in the clofed vefTels difpofed fo as that the 
gas may be received, forms with lime-water carbonate of lime, 
which confirms the difengagement of a little carbonic acid be* 
(bre indicated by he calcination of this earth in the fire. 

The folutions of this earth in the acids are perfedly coIoj|r« 
lefs. 

The prulfiate of lime, or the oxalate of aolmonia do not at 
all trouble them. 

Ammonia forms with them an abundant precipitate. 

The 
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«(AGN£SIAK EARTH. 

The' cOBUHon unfEtarated carbocuUe of potafli forms alfoa 
precipitate with them. 

When this carbonate ceafes to trouble the liqaor, and thatt 
after being left to fettle and being filtered, the clear liquor is 
fttbtnftted to ebidlition» it becomes troubled again and throws 
down a fecond lime an earthy precipitate. 

Finally, if inflead of the unfaturated carbonate, the car¬ 
bonate of potalb, well faturated with acid is ufed, there is not 
the leaft precipitate formed. 

Experiments, whicli I will relate* fbew not only that the 
earth didblved by the acids is magncfia, but that there is not 
mixed with it the leaft particle of lime, which can be difeovered 
by the oxalate of ammonia, that there is no trace of alumen 
in it, which the falaraUU carbonate of potaQi precipitates, 
aanl does not again diflblve; that it docs not contain the leaft 
oxide of iron, that can be indicated by the f ruiiiate of lime; 
and finally, that it is tnagnefta {^erfeflly pure, 

Thisrefultis farther confirmed by the fulphate of magnefia, 
which the cryftallizalion of the (blution of this earth ip ful- 
phuric acid yields exclulively. 

The acids'in diflblving this earth leaves a refidue, the qnan. 
tity of which Teems to be variablej that which tlie fulphurio 
acid leaves is conftantly more tlian what is left by the muriatic 
or nitric acids. An hundred and twenty grains of this earth, 
after being well lixiviated in pure water, left a refidue of 
which the weight, in the different experiments which I made, 
did not ever exceed 17 grains, and never was lefs than 14* 
The flony variety was that which in general gave the inoft 
of this infoluble refidue. Many experiments, which I have 
made, and which it would be ufelefs to repeat here, have con^ 
vinced me that this refidue is perfectly pure filex. 

. Tiie earth of Baadiftero, from the preceding experimentsji 
confifts,entirely of iuag|kefiawilh a little carbonic acid, rfmall 
quantity of fUex, and a very minute portion of fulphate of 
lime, with, in the ftony variety, feme traces of pmriale of 

* 

> (To be concluded in f/ie Su^IemetU.J 
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Bxperiments for qfctrtaining how far Telefcopcs will enable us 
to detetttdne vtrp fmall Angles, and to diftinguijh the real from 
ihe^/purious Diameters of celejlial and terrtjtriai Ohjeds : with 
an Application of the Hejhlt of (hefe Experiments to a Series (f 
Obfervations onthe Nature and Magnitude of Mr. Harding 
hAely difcovered Star. By William Hekschel, £• L D» 
F. R, S, Abridged from the Phil. Tranf 1S05« 


The difcovery of Mr. Harding having added a moving £nqairr 

celeftial body to the lift of thofe that were known before. Dr, 

Herfchel was dcilrous of alcertaining its magnitude ; and as which the eye 

in the obfervations which it was neceffary to make he intended * telcfcopc 

^ can detenaine 

chiefly to ufe a ten-feet rcfledlor^ it appeared to be a defidera- the figure of an 

turn highly worthy of inveftigation to determine how fmall 

diameter ol‘ an objefl might be (ecn by this inflrument. It is 

known that a very thin line may be perceived, and that objefls 

may be feen when they I'ubtcnd a very fmall angle; but the 

cafe he wanted to determine related to a vlfiblc dilk ; a rounds 

well defined appearance, which might without hefitation be 

affirmed to be circulari if not fphencal. 

In April of the year 1774, the Do6lor determined a limilar The author'j^ 
queAion relating to the natural eye: and found that a 
area could not be diflinguiflied from an equal circular one till guiih a fmalJer 
the diameter of the latter came to fubtend an angle of 2' 

He did not think it right to apply the fame conclufions to a e^ual fquare* 
telcfcopic view of an objeft, and therefore tiad recourfe to the 
a feries of experiments. 

The firfi courfe of experiment, was made with the heads of £«penmeats 
pins deprived of their polifh by tarnifhing them in the flame of ob- 

a candle. The diameters of the heads were meafured by a je£ts were pin's 
microtcopicprDjedion^ wilh a magnifying power of 80. Tbefe **®**^** 
meafurcs were lb r xa£t, than when repeated they fddom dif¬ 
fered more than a few ten thoufandths part of an inch from 
each other. The focal length of the mirror on Arcturus is 
119,64 inches, baton tliefc objefls 125,9, and the diilance 
was meafured with deal rods. 

And the refult of this experiment was that an objefi having 
a diameter ,0425 could be eafily feen in the author’s ten-foot 
telelcopeto be a round body, when the magnified angle under 

which 
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Tvhich it appeared was 2^ and that with a high power 
(522) a part of it. fubtendingan angle of 0''jS64 may be con¬ 
veniently perceived. 

When the purpofe of this experiment, was confidered. the 
tcfult w^as not founq fuRicient to anfwer the intention i for as 
the fi^e of the objeA required the ufe of a low power, a doubt 
arofe whether the inftrument would be equally diifind when 
a higher Ihould be required. To refolve this qaetlion. it was 
tieceflary either to remove my objefls to a greater diliance. 
or to make them fmaller. 

2. Small globules of feallng-wax were therefore made by 
dipping the point of a fine needle, a little heated, into it. 
which took up a fmall globule. To prevent feeing them at a 
diftance in a different afpeft from that in which they were 
meafured under the microfeope. tlie needles were fixed with 
f'ealing-*wax on fmall flips of cards before the meafures were 
taken. 

jRy this experiment it was found, that with a globule fo fmall 
as .007GS of a fubflance not refleding much light, the mag¬ 
nified angle mufl be between 4 and 5 minutes before we can 
fee it round. But it alfo fliewed that a lelefcope with a fuffi- 
caent power (522) will Ihow the di(k of a faint ohjefl when 
the angle it fubtends as the neked eye is no more than 0*',653* 

The third experiment was made with globules of filver. As the 
objeAs made of fealing-wax. on account of their colour, did 
not appear to be fairly feleAed for tbefe invefligalions. a fet 
of filver ones were made. They were formed by running 
end of filver wires, the 305th and S40th part of an inch dia¬ 
meter. into the flame of a candle. 

By this experiment it was found that the telcfcope aAed very 
well with a high power (522). and will (how an object Tub- 
lending only 0^'.484 fp large that it may be divided into quar¬ 
ters of its diameter. 

The fourth experiment was made with globules of pitch, 
bee’s-wax. and brimflene. and did not prove fo generally ad¬ 
vantageous as tbofe with filver which rcfleAed more light. 

And a fifth and fixth experiment was made with the filver 
globules at greater diflances; and by illuminations at night 
by the flame of a lamp of which for brevity the particulars are 
here omitted^ 
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The author theti proceeded to make dired obfervationi os 
fhe fpurious diameters of celeflial bodtes> from which he de* 
duces the following refults 

(].) As the diameters of fixed liars are undoubtedly rpurious, Spunoui diamc- 
It follows thatf with the liars, the fpurious diameters are 
than the real ones, which are too fmall to be fccn. real. 

(2.) From many eflimations of the fpurious diameters of the Si*es are the 
liars f it follows, not only that they are of different fizes, but cumftanccsV*^* 
alfo that under the fame circumftances, their dimenilons are 
of a permanent nature. 

(3.) By this and many other obfervations it appears, that and colours* 
the fpurious diameters of the liars are differently coloured, 
and that thefe colours are permanent when circumliances are 
the fame. 


(4.) By many obfervations, a number of inflances of which They are 
may be feen in Dr. Herichel's catalogues of double liars, their'*''^**^'f** 
fpurious diameters are lelfened by increafing the magnifying 
power, and increafe when the power is lowered. 

(3.) It is alfo proved by the fame obfervations, that the but not propot- 
increafe and decreafe of the fpurious diameters, is not inverfely ^®“***f* 
lis the increafe and decreafe of the magnifying power, but in 
a much lefs ratio. 


(6.) The magnifying power ads unequally on fpurious di* Small (tars are 
ameters of different magnitudes; lefs on the large diameters,*”°^ “**“*^‘*' 
and more on the fmall ones. 


(7.) When the aperture of the telcfcope is lefTened, it will Lds aperture 
occafion an increafe of the fpurious diameters, and when in- 
creafed will reduce them. and fmali 


(8.) It alfo fliows that the increafe and decreafe of 
unequal fpurious diameters, by an alteration of the aperture 
of the telefcope, is not proportional to the diameters of the 
Bars: 


(9.) But that this alteration ads more upon fmall fpurious 
diameters, and lefs upon large ones. 

(10.) From this we find that liars, when they are ex- Veryfmillftars 
tremely fmall, lofe their fpurious diameters, and become 
bulous. 


* On this fubjed fe our Journal, VoL VI. p. 15, aud Fig. 1, 
?late IV. 

f See Catalogue of double Stars. Phil. Tranf. for 1T82, p. 115; 

' and for 1785, p. 40. 

(11.) Many 
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CtbenctnfiM (i !•) Maaj oAidr cMifiss will bsv^ an influence tliee{u 

pereet dieiaeter of Uie l^rious dilkt of the llaeg, fuch as 
goodnefs of the fpecula and lenfes; but they are fo far within 
the aeach of our knowlodge, that with a proper regard to 
theea^ the conclufion he has drawn in Rem* (2.) that un* 
der the fame circumflances tbeir dixnenfions are permanent/^ 
Wfll fiUl remaio good. 

SUnilar experiments were made on the fpurious diameters 
of terreflrial obje£tS| namely fllver glabules« which afforded 
the following refults: 

SpurioM^IAs (I.) The terreflrial Ipurious dilks of globules are lefs than 
£^lwthjin*5ierealdiflcs; whereas we have feen, in Remark (1.) of 
tealdlflu* ceteflial Tpurious difles^ that ibefe are larger than llie real 

ones.* 

larger tagni- globule has the largefl fpurious difle. iThis 

tttdei gt?el«i)ger agrees with the fpurious difks of cejeflial objefls: the flars oi 

^ fecund, and third magnitude, having a larger fpurious 
difle than thofe that are of interior magnitudes. 
colottitdKkethe (30 With refpefl to colours, the terreflrial alfo agree with 
celeftlal i ihe cdeflial fpurious difks. 

(4.) The f^purious diameters of (be globules, like the fpu* 
rious difks of the flars, are proportionally Idflened by in^ 
creafing the magnify ing power, and increafed when the power 
is lowered. 

(50 When the eflimations are compared with (he powers, 
it wtU aho be feen that the increafe and decreafe of the fpu- 
rious difks of the globules is not inverfely as the powers, but 
in a much lefs ratio. 

^6.) The efieA of magnifying power is unequally exerted 
on fpurtons diameters; and that, as with celeflial obje^s, fo 
with terreflnal, this pow^r a£ls more on the fmall fpurious 
difks than on the large ones. 

(70. The fpurious terreflrial difks alfb refexnble (bofe of the 
flars, by increafing when the aperture is leflened, and do^ 
creafing when n is enlarged. 

(SO By experiments it is proved, that (be increafe 
and decreafe of the diameters occafioned by different apor* 
tares is not proportional to the diameters of the fpurious difks. 

* It appears from the context, that this arifeB from the terref* 
trial fpurious difks being formed by tht fmall fpot of reflefted light 
from metallic globule, and not from its whole diameter. 

5 (9.) Bu 
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(9.) Bul (hftt (he change of the apertures ads mor^ dh the 
. Comlit and lefs on the large ones. 

(10.) The fpurious difks of globules are loft for Want of Theft dliks m 
proper illBminalion, but do not change their magnitude on 
that accoiinU The brightnefs of the atmofphere in a fine day u^hu 
is fufficient to produce them ; though the illumination of the 
fun is generally the principal caufe of them. 

(11.) The diameters of fpurious difks are liable to change 
from various caufcs; an alteration in the diredion of the illu^ 
mination will make the refledion come from a different part of 
the globule, which can hardly be expeded to be equally po- 
lithed in its furface, or of equal convexity every where, being 
very feldom perfectly fpherical; but as upon the whole the 
figure of (hem is )>reUy regular, the apparent diameter of the 
fpurious difks will generally return to its former (i^« 

Globules of mercury were ufedinfleadof thofe of iilver, and Mercunal glo* 
with the fame refulls. **“^®*» 

The fpurious terreftrial difks were then meafured by com* Mcafurementof 
paring them witii circles on a tablet: and it was found that a ^hey 
variation in their illumination did not affed their magnitude, diftinguiihed 
It was alfu found that the rays from the central part of 
mirror gave a larger image than thofe from Its circumference, central, and 
So that when a central aperture of three inches gave an image then an annular 
correfponding with a circle of 0.465 inch, an annular opening 
from 6.5 to 8.S inches gave only 0.18 inch for the image: and the fccond di- 
the experiments were fufliciently varied as to the magnitudes them# 

and filuations of the apertures to fiiew that this difference did 
not arife from more or lefs light. 

This property of the mirror ferves admirably to diftinguifh a Trials, 
fpurious dilk from a real one; and proved to be fo on trial with 
terreftrial and cclellial objeds. 


Ohjtrvations on the Nature and Magnitude of Mt% Ha rdingus 

lately difeovered Star» 

\ 

On the day Dr. Herfchci received an account of Mr, ObferVatlani oa 
Harding’s new ftar, which was the 24th of September, he 1^**"*^ 
direded his telefcope to the calculated place of the new objed, 
and noted all the fmali flars within a limited compafs about 
It* They Were then examined with a diftind high fhag- 
nifying power; and fince no difiercncc in their appearance 
Vox., XII.-— December, 1B05. U 





.fiAN«7 IVHO. 


Obfemtioni on wm peroe!fiUe> it became neceflary to attend to the changes 
thaplaaet Juno« might happen in the htualion of any one of theau They . 

were deHn^al^ as in Fig. l , (Plate XIV.) which is a mere eye- 
draught, to ferve as an eloddation to a delcription given with 
U in> the journal; and the liar marked k, was the new 
objed. 

Sept. 29. Being the firfi clear nighty he began a regular fvrics 
of obfervattons: and as the power of determining fmall angles, 
and diftindnefs in (bowing minute dilksy whether fpurious or 
realy of the indrument be ufed on this oecafion, had been fu6i- 
ctently invedigated by the foregoing experiments, there could 
be no difficulty in the obfervatlon, with refources that were 
then fo well underdood, and have now been fo fully afcer- 
tained. 

** Mr. Harding’s new cdedial body precedes the vei 7 
(mall dar in Fig» 3, between 29 and 33 Pifcium, aixl is a 
little larger than that dar; it is marked A. fg h are taken 
from Fig. 1. I fuppofe g to be of about the 9th magnitude, 
(6 that the new dar may be called a fmall one of the 8th." 

With bis ten-feet reflefkor, power 496.3, he viewed it atten¬ 
tively, and comparing it with g and k. Fig. 3, could find no 
diderence in the appearance but what might be owing to its 
being a larger dar. 

By way of putting this to a trial, he changed the power to 
879,4, but could not find that it magnified the new one more 
than it did the dars g and A. 

I cannot perceive any difli; its apparent magnitude with 
this power is greater than that of the dar g, and alfo a very 
little greater tlian that of h ; but in the finder, and the nighu 
glals g is confiderably fmallei than the new dar, and h is alfo 
a very little fraaller," 

He compared it now with a dar which in the finder appeared 
to be a very little larger; and in the lelcfcope with 879,4 (he 
apparent magnitude of this dar was alfo larger than that of 
the new one. 

A& far as 1 can judge without feeing the afteroids of Mr. 
Piazai and Dr. Olbers at the fame Ume with Mr. Harding’s, 
the lad mud be at lead as fmall as the dualled of the former, 
which isShat of Dr, Olbers." 

. The-dar k. Fig. 1, obferved Sept. 24, is wanting, and was 
^iberefore the object 1 was iu iisardi of, which by computatioa 
giiud have been that day in the place where 1 faw it.” 

3 ‘‘Th 
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The sew ibr bciog now in the meridian wUh all tiiofe CbArvatM^ on. 
io whi(Ht I am comparing it, and the air at this 
being very dear, I (iill find appearaneet as befdre delcribed.: 
the new objed cannot be diliinguifhed from the iiavs by 
magnifying power, fo that this celefiial body is a true af" 
leroid.” 

. ^ Mr. Bude’s flars 19, 25 and 27 Ceti are marked 7mi and by 
comparing the afteroid) called Juno, withthefe ftais^ it has the 
appearance of a fmall one of the 8 th magnilndft. 

WUh regard to the diameter of Juno, the authpr remarks 
that had it been half a fecood, he mud have inflantly per* 
ceived a vifibic di(k. Such a diameter, when he (aw it magni¬ 
fied 879,4 times, would have appeared tinder an angle of 
7' 19^',7, one half of which) it will be allowed, from the ex¬ 
periments that have been detailed, could not have efcaped his 
notice* 

0£l. 1. Between flying clouds, the afleroid was feen, which 
in its true flarry form has left the place where it was feen Sept. 

29. It has taken the path in which by calculation it was ex* 

.pefled to move* This afeertains that no miflake in the Aar was 
made when laA diferved. 

Od 2, 7^. Mr. Harding’s afieroid is again removed, but 
is too low for high powers. 

30\ Viewed it now with 220,3 283,4 410,5 496,3 and 
879,4. No other dilk was vifible than (hat fpnrious one which 
fuch fmall Aars have, and wluclr is not proportionally mag¬ 
nified by power. 

With 288,4, the afteroid had a larger fpurious difle than 
a Aar which was a little lefs bright, and a (mailer fpisrtous 
diik than another Aar that was a little more bright. 

OQ 5, with 410,5. Thefitualion of the aAeroid is now as 
in Fig. 4. Its difle, which is probably tlie fpurious appearance 
of flars of that magnitude, was compared with a larger, an 
equal, and a imaller flar. It was leA than the fporlous di(k 
of the larger, et^aal to thal of the equal, and larger than that 
'of the foaaUcr flar. The gradual diflerence between the three 
flara is eaceeduigly lisall* 

« With 406,5, and the air uncommonly pure and calm, I fee 
1 q well that 1 am certain the dilk, if it be not a fpiutous one, 
is lefs than one of the fmallefl globules 1 faw this morning in 
the tree*" 


U2 


The 



eft Tht diameter of this globule was , 02 , It fubtended ah angtef 
”• of 0'',429, and was of fealtng^wax 5 * had it been a filver one; 
it would have been liill more vifible. 

With 879,4. All comparative magnitudes of the afteroid 
and ftars, remain as with 496,3. 

The minute double flar j Ophiuchi * was feen in high per- 
feftion, which proves that the air is clear, and the telefcope 
in good order. 

The afteroid being now in the meridian, and the air very 
pure, the comparative diameter Teems a little larger than that 
of an equal ftar, and its light alfo differs from ftar-Iight, Its 
apparent magnitude, however, can hardly be equal to that of 
the fmalleft globule obferved this morning. This globule mea- 
fured ,01358, and at the diftance of 9620,4 inches fubtended 
an angle of 0^,214. 

When the afteroid was viewed with 879,4, more hazinefs 
was fohnd than an equal ftar would have given ; but this the 
Doftor sfcribes to want of light. What he calls an equal flar, 
is one that in an achromatic finder appears of equal light. 

OCt. 7. Mr. Harding’s afteroid has continued its retrograde 
motion. The weather is not clear enough to allow the ufe of 
high powers. 

03. 8 . If the appearance refembling the fpurious difks of 
fmall ftars, which I fee with 410,5 in Mr. Harding’s afteroid, 
Ihottid be a real dicfmeter, its quantity then by eflimation may 
amount to about This judgment is founded on the fa* 

cility with which I can fee two globules often viewed for this 
purpofe. 

The angle of the firftisO",429, and of the other 0",214 
and the afteroid might be larger than the latter, but certainly 
was not equal to the former. 

With 496,3, there is an ill-defined hazy appearance, but 
nothing that may be called a difk vifible. When there i$ a 
glimpfe of more condenfed light to be feen in the centre, it is 
fo fmall that it muft be lefs than two*lenths of a fecond. 

To decide whether this apparent condenfed light was a real 
or fpurious difk, he applied different limitations to the aperture 
of the telefcope, but found that the light of the new ftar was 
too feeble to permit the ufe of them. From this he concluded 



* See Cat of double Start, I. 87. 
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^at an Increafe of light might now be of great ufe^ and OWer?itipii( on 
iHcwed the aAeroid with a fine lO-feet mirror of 24 inche* 
diameter, but found that nothing was gained by the change. 

The temperature indeed of ihefe large mirrors is very feldom 
the fame as that of the air in which they are to B&t and till a 
perfect uniformity takes place no high powers can be ufed. 

The afteroid in the meridian, and the night beautiful. After 
many repeated comparifons of equal flars with the afleroid, I 
think il fliows more of a di(k than they do, but St is fo fmall 
that it cannot amount to fo much as 3*tenths of a fecond, or 
at leaft to no more. 

It is accompanied with rather more nbbulofity than flars of 
the fame iise. 

The night is fo clear, that I cannot fuppofc vifion at (his 
altitude to be lefs perfed on the flars, than it is on day ob» 
jeds at the diflance of 800 feet in a direfiion almqfl hori* 
zontal. 

Ocl, 11. By comparing the afleroid alternately and often 
with equal flars, its difle, if it be a real one, cannot exceed 2, 
or at mod 3-tenths of a fecond. This eflimation is founded 
on the comparative readinefs with which every flne day I have 
feen globules fUbtending fucli angles in the fame telefcope, 
aaid with the fame magnir)ing power. 

The afleroid is in the meridian, and in high perfe£lion. 

I perceive a well defined diik that may amount to 2 or 3-tenths 
of a fecon^; but an equal flat fliows exa^ly the fame ap¬ 
pearance, and has a dilk as well defined and as large as that 
of the afleroid, 

HeJUlt and Application of the Experiments and Obfervations, 

We may now proceed to draw a few veryufeful concluflons 
from the experiments that have been given, and apply them 
to the obfervations of tlie flar difeovered by Mr, Harding; 
and alfo to (he umilar flars of Mr. Piazzi and Dr. Olbers. 

Thefe kind of corollaries may be exprelTed as follows. 

(1.) A lO-feet refiedlor will (hew the fpurious or real 
ditks of celeftial and terreflrlal objeAs, when their diameter 
is I of a fecond of a degree; and when every circumflance 
is favourable, fuch a diameter may be perceived fo diftindly, 

D)at it can be divided by eflimation into two or three parts. 

{ 2 .) A 
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Phfiutftum em (i.) A dilk of oF a fecond rn diameter/ whether ffmribuf 
tfceplknetJuoo.Qf in order to be feeh as a*roiand» well defined body. 


requires a difbnft magnifyiiig {)ower of 5 or 6 hundred^ and 
muA be FuRiciently bright to bear that power. 

(S.) A leal dilk oF half a fecond in diameter win become 


fo much larger by the application of a magnifying power of 
5 or 6 hundred, that it will be eafily diflinguifhed from an 
equ J Tpurlous ope, the lallw not being affeQed by power in 
(he fame proportion as the Former. 

(-I*.) The dilTereiit effedls of the infide and oulfide rays 
of a mirror, with legard to the appearance of a difk, are a 
criterion that will fliow whether it is real or fpuriousi pro^ 
vided its diameter is more than | of a fecond. 

(5.) When difks, either fpurioU^ or real, are Icfii than I of 
a fecond in diameter, they cannot be didinguillied from each 
other; becaufe the magnifying power will not befufheient to 
make them appear round and well defined. 

(6.} The fame kinds of experiments are applicable to jele« 
fcopes of diifTerent forts and lizes, but will give a different 
refuft for the quantity which has been Hated at ^ of a fecond 
of a degree. This will be more when the infirument is lefs 
perfefl, and lefs when it is more fo. It will alfo dHTcr even 
with the fame infirument, according to the clearnefs of the 
air, the condition, and adjufiment of the mirrors, and the 
pradlxcal habits of the obferver, 

I 


Mr. Woolf'f 
iiBprovementi 
in fteam-ea- 
giacs. 


Account of Jime new Itnprmements on Steam-Engines^ fiy Mr. 

Arthub. Woolf. 

In our eighth volumei p. we gave a (hort account of 
a former improvement made by Mr. Woolf on the fieam- 
engine, founded on a difeovery that fieam, of any higher 
temperature than that of boiling water, if allowed to pafs 
into another vefiel kept at the fame temperature as the fieato 
itfelf, will expand to as many times its volume, and fiill be 
equal to tbeprefTure of the common atmdfphere, as the num« 
ber of pounds which ruch fieam 9 l}eroire being allowed to ex« 
pgndi could maintain on each fquare inch of a fafety-valve 
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^Mpofed to the atmorphere: for example^ that mafles orqafn* Mr, Woolfs 
iitiet ’of fleam of the expanfive force of 20, 30, or 50 pounds 
the fquare inch of a coiimoD fafety-valvei will expand to 20, 

30, or 50 times its volume, and flill be refpe£lively equal to 
the atmofpherc, or capable of producing a (ufficient aflion 
againfl the piflon of a fleam-engine to caufe the tame to rife 
in the old engine (with a counterpoife) of Newcomen, or to 
be carried into the vacuous part of the cylinder in the ira* 
proved engines firfl brought into effe£l by Meflrs. Boulton and 
Watt. 

In confequence of this difcox'cry Mr. Woolf was enabled 
to ufe his fleam twice (if he cliofe), and with complete ef- 
fe^; nothing more being necetlkry than to admit high fleam^ 
fuppofe of 40 pounds the fquare inch, into one cylinder, to 
work there by its expanfive force, and then to allow the fame 
fleam to pafs into, and expand ilfelf in, another cylinder of 
forty times the fize of tlie firft, there to work by condenfalion 
in the common w'ay. Or with only one cylinder, by admit* 
ting a proportionally fmall quantity of high fleam into it from 
the boiler, Mr. Woolf, found that he could effedl a confider% 
able faving in fuel. 

In this firft improvement of Mr. Woolf, though the faving 
might be carried a confiderable length, it was ftill neccflarily 
limited by the flrengfh of materials; for in the employment 
of high fieam there muft always be fome danger of an explo* 
fion. Mr. Woolf, however, by a happy thought, has com* 
pletely obviated every danger of this kind, and can now take 
the full advantage of the expanfive principle without the leaft 
danger whatever. This he eflefls by throwing into common 
fleam the additional lemperalure neceffary for its high expan- 
fjon, qfltr the fieam h ad^nilteii into the working cylinder, which 
is healed by uieans adequate to the end intended to be gained; 
and the advantage which he thus gains he cffeaually fecures by 
a mofl ingenibus improvement in the pifton. It may be eafily 
conceived that fleam of fuch high rarity as Mr. Woolf employs^ 
could not be made fully effeflivc with the pifton in common 
ufe; for in proportion to its rarity fo muft be the facility with 
which a portion of it would efoape, and pafs by the fide of the 
pifton to the vacuoqs part of the cylinder: but Mr. WoolPa 
contrivance Teems perfefliy adapted to prevent the |ofs ol eveh 
|hefmalieft portion of the fleam. 

Pefidea 
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Beiides thefe improvements on the common fteam-engine^/ 
be has alfo found means to apply the fame principles Co the old 
engine^ known by the name of Savary's, in fuch a way asto 
render the fame a powerful and ceconomical engine for a great 
variety of purpofes. 

Such is the outline of Mr, Woolf's improvements on this 
ufeful engine: but, for the general information of pra 61 !cal 
engineers, we (ball fubjoin a more technical defcription, in 
Mr. Woolf's own wordsi extrafled from his fpecificalion of 
his patent. 

(To be continued, J 


SCIENTIFIC NEWS. 

■ 

Geometry, 


Two theorems 
from the Ho¬ 
rologium of 
Hu|gejii, 


xtenJed far¬ 
ther by M. 

Biot* 


JL -^UYGENS has given the two following theorems in his 
tIoTologimn Ofcillaiorium^ which are applicable to all folid 
bodies: '' The center of ofdUuiion, and that of jufpenfion art 
alv^ays reciprocal to one another. The fame body if always ijb~ 
chronal to itfeif, while it ofcillates round paralh l axis\s taken at 
equal dijtances from the center qf ' gravity, M. Biot has given 
a remarkable cxlenfion to thefe two theorems. 

All thefe parallel axis's form the furface of a right angled 
cylinder of which the axis paflfes through the center of gravity. 
But the analytical expreilion under which M. Biot prefents 
the theorem of Huygens, made him initantly pciceive, that 
an arbitrary inclination might be given to tliis axis, the 
radius of the cylinder being fuitably changed at the fame 
time; and that thus according to the different degrees of 
inclination of the axis, an infinity of cylinders might be 
obtained. The fuperficies of which cylinders (hould have the 
fame property as that of the primitive cylinder, Befides this, 
the axis without changing its inclination may deferibe a 
conical furface about its primitive pofition, which will multiply 
the number of cylinders already found, as often times as 
right lines caai)e conceived to be drawn on the upper furface 
pf the cone. 


S 


Afironomy^ 
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JJIronomy. 

\f, has made an obfervation of an occullation of fheM. FiAeton 
pleiades b;' Ihe moon, on the 19lh of Novembcrf 1804*, fro™ of tl^hda^^ 
the Obfervatorv of Geneva. the moon. 

An account of an occullation of « fcorpion, obferved onM. Mechaino 
the 17th of July, 1803, from the fummit of Cafulcta, 
mountain in the kingdom of Spain, was found among the 
papers of the late M. Mechain, which will appear in the 
6th Volume of the Memoirs of the French National Infiitute: 
this is the Jail obfervation of this kind made by a man of 
fcience, wdiofe premature lofs the Inftitute will long regret. 

A long fuccetfion of obfervations was alfo found among and of the comet 
bis papers, relative to the comet which he had difeovered *^53* 
from Barcelona in 1793, which will alfo appear in the fame 
publication. 


Geography^ 

M. Humboldt has read before the Injlituie Natiomlc, -*4 The longitude of 

of Mexico, the capital of the king- h!*xico deter- 

^ mined accuratdy 

by M. Hum- 

Geographers difagree with regard to the pofilion of ihisboldt. 
important point. The confiderable difference which M* 

Humboldt found between his hrfl obfervation, and the lad 
which had been formerly made by others before himi engaged 
him to repeat it as often as he could, and by di£Ferent methods. 

The didances of the moon from the dars, and feveral eclipfes 
of Jupiter's moons, always gave the fame refult, which is 
doubtlefsiy preferable to all thofe which have appeared 
hitherto. 


Memoir on the Longitude 
dom fo called. 


Eledlricity. 

Since (he difeovery of elefirica! condu6lorB by Dr. Frank-Conductor coo^ 
lin, many philofonhers have repeated experiments to edablifli 
the identity of e1e6lrical dre and lightning, by experiments ' 

with fuch infolatcd conduflors. 

Thefe experiments fucceeded to the with of all who tried 
them; but it was foon perceived,, that they were attended 
with much danger : and fince the death of ProfelTor Richman^ 
of Fetertburg, who was druck by ligbUsing from his con* 

4nyEior in 1753^ few bare ventured to repeat the experiment. 

M« Beyer 
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M, Beyer of Paris has formed in his garden an apparatus 
of rhis kind« which is very Ample, and at the fame time 
an^ia&^ited perfedly e&doal without any danger: It is a condufior 

wiiicb can alternately at pleafure be infoiatedf or not infolatedi 
and made-to a£i either with a ball, or with a point. The 
communications between it and the earth are well eftablilhed, 
and as the obfervations can be made at more than an hundred 
feet from the apparatus, there U not the leafi danger of any 
accident. 


Banooo project* 
ed by Mr. Ro« 
Bertfon, 13a feet 

to carry up 50 
mai. 


and a veiTel 
with faille ac* 


and an internal 
balloon and 
parachute. 


jicrofiatian. 

The celebrated Aeronaut Roberlfoni who afeended from 
Peterfburg laft year, is endeavouring to obtain the neceflfary 
alliflance at that place for the conflruflion of an air balloon 
on a very large fcale; he propofes that it ftiall be 732 feel 
in diameter, which he calculates will carry up 37 ton, and 
which he fuppofes, therefore, will eafilv fupport 50 people, 
and all neceflary accommodations for them. 

It is to have attached to it a veflel furniflied with mails, 
fails, and every other article requifite for navigating the 
fea in cafe of accidents, and provided with a rahin for the 
aeronauts, properly fitted up, galley for cooking.fproper fiores 
for flowing provifions, and feveral other conveniencies. To 
render the afeent more fafe, it is to take up stnothcr fmaller 
balloon wifliln it, nnd a parachute, which will render the 
delcent perfeflly gentle, if the outer balloon burfls. 

From its conflruAion it will be calculated to remain In the 
air feveral weeks, in which time many experiments in natural 
philofophy, and aftronomical obfervations may be made; It 
ts all'o foppofed, that geography m^y be confiderably improv¬ 
ed by its means, as the aeronauts will be neither flopped in 
their courfe by mountains or |bcefls; and fome have even 
thought, that with the alliflance of the trade winds, a voyage 
round the earth might be made in it between the tropics. Its 
colt, it is calculated, will be nearly equal to that of a (hip of 
tbe line. 


l/nithcrJUy qf Churkow* 

The court of Peterfburg piiblilhed the aft of confirmation 
the Univerfity ofCharkow, on (he l6ih of May, of which 
-flic following are the chief parttculars. 
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V l%tBlJ«nvcrfity Is under tbe care of the Mini(*^r of public 
^(itu^ion: It bas^ however, ks own pariiculat admlniliration 
pnd jur^difiton; the ordinances, hy which kts tnCTsbers ai4 regulations, 
governed, are regulated by itlelf: It has the right of cenfure 
both with regard to the books printed by itfclf, or ihofe 
brought from abroad. All articles which it may want are 
allowed to pafs the frontiers without examination or tax. Its 
correfpondence is pofi free, and its paper is not fubjeS to 
duly. The hoofes of the profetTors are free firom taxes and 
all charges. The profelFors have the rank of the feventh Provifion for 
< lafs, and the fludenls that of the tweJtih, or that of fubaltcrn 
oiEcers, receive coiiimiflion as fuch, and wear fwords. The 
profeflors after twenty-five years duty, or in cafe of incurable 
ficknefs, receive their penfions for life, and may even receive 
them while refident in other countries. On the dealhofa 
profefTor, his w'idow and children continue to receive his 
peidion, until the widow marries again, or the children 
attain the age of twenty-one years. The Emperor has 
granted a yeaily revenue to the Univerhty of 130,000 rubles. 

f 

Botanic Carden^ at Copcnftag^eiu 

A fum of 4,500 rix dollars, which the government had 
granted in 1S03, for the Botanic Garden at Copenhagen, - 
has been employed, partly in paying the debts of the eiiablifb^ 
inent, and partly in confiru£ting a new hot-houfe. This has 5500 plants 
garden, which polllffes 5,500 plants of different kinds, jg 
open one day in each week for the curious, and every day 
for botanic iludents. The diredors in their lull report, hav- 
ixig made feme propofais for the improvement and efiablifli-. 
nient of the garden, the government has granted them an 
additional fum of 4000 rix dollars, and an annual fum grants 

200 for repairs; and Imve befides fettled, (hat the appoinU 
ments of perfons employed in the garden, fliall be increafed 
to 720 rix dollars, commence this year. 


M. Giefecke, a PrufTian mincralogiff, who has been a Propofed mine- 
confiderable lime at Copenhagen, is about to be employed 
by government on a voyage to Greenlaiidi where he is to i^nd, 
pers fotne years in examining that country, with regard to its 
zmneralogy and geology. Hitherto the M-jravian rtfbgrous 
itt^onaries have alone been able to lefolve to live fome 

years 
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ye^n in that country for the converfion of the natives t IV' 
will be 110 Utile honour to the fciences, if M. Giefecke Ibal^ 
bring himfelf to make a like facrifice for their advancement. 



Charts pihited 
by noveabk 
typei. 


The Royal Academy of the Fine Arts^ and the Mechanical 
Arts of Berlin^ have received among their members M. F. 
jK. Wageneri who has difcovered a new method of printing 
geographical charts by a fpecies of moveable types, whiCh is 
found to anfwer better than engraving, and will undoubtedly 
be much cheaper. 



Prixci given by 
the French 
war mimfter#>r 


a work on fub« 
terianean for* 
tification. 


and one on a 
plan lor a fbrti- 
£cd barrack. 


Marflial Rerthior, war minider of France, at the requed 
of general Marefcot, has again edabliflied the prizes which 
was given for the bed works on fortification. 

Two prizes have been granted to the bed trentijis on fub^ 
ierraneoua works. The drd was adjudged by the committee 
of fortification to Major Mouze, the fecond to Captain 
Qillot; the committee has adjudged a tbir^ treatife deferving 
of honourable mentioni which has for jMi; infeription artem 
experieniia fecit; the author of it is not known. 

Another p;ize on the fnbject of %prcje& for a fortified 
harraek^ has been given to Captain Laurent. The com¬ 
mittee have judged the projedi of Captain Biofchevalier, 
and that of Lieutenant Colonel Gefbert, to deferve honour^ 
able mention. The committee has rejedled, for not correL 
ponding with the propofed fubjedl, a projedl of Captain 
Mallet, for a barrack inlrmchment ; but have thought it worthy 
of particular mention, as a work which gives a very advanta-* 
geous idea of the talents of this officer. 

Many of the works which neither received prizes, or par^ 
ticular mention, exhibit ingenious contrivances, and intered« 
ing obfervations. In general thefe two conteds have fully 
proved the goodnefs of the Inditulion, of which the objedi i> 
to exite emulation in all the corps of the army, to propagate 
knowledge among them, and to extend the perfedtioo of all 
the branches of the military art. 


Cttiiegneof . THE catalogue of the Leipfic fairi has this year contained 
Leipfic fair, coa-(vyQ foeeU more Ihanulual. The mufical publications have 

tained 3647 
pubikadoai. 
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\|beeii ftdded to it. It contains Sfi47 articlesj farnidie^ hf 
S80 bookfellers* The number of romances isQll, of ih^- 
trical pieces 81, and mniic 95, forms 447 articles. 


The academy of painting and fculpture at Madrid, are of 

about to publiih a coinpleat colleftion of the Arabic 
quities of the kingdoms of Grenada and Cordova. In this 
work will be found not only views and plans of the monu* 
mentf, and other remarkable matters of thefe countries, but 
alfo an explanation of all the infcriptions, cyphers and hiero* 
glyphtcs. 


THERE is fuon to be publlihed at Lilbon, a Didtionary 
the Angola or Bunda language, wilh the explanation of all^ge^felticc^ 
the words in Portuguefe. There has never before been aabletothofe 
didtionary of this language. This will be publifhed for the 
ufe of thofe Portuguefe who have bufinefs totranfadl with the 
efiabliihinents which their country poflfefles on the coall of 
Africa. No language is fpoken there to fo great an extent 
as tifis. 


THE celebrated fculptor M. Canova, is engaged in eredl-Maulbleum of 
ing at Vienna, the fplendid Maulbleum of the Arcb«dulchefs 
Chriltina, an imroenfe compoiition of eight marble figures, 
larger than life; the models and execution of which have 
been long admired at Rome, where they were formed. 

M. Canovi> before bis departure from Rome exhibited a his Thcfeui 
coioflal group, reprefentingThefeus combating wilh a Centaur. ^ 

This group is to be executed in marble for the city of Milan. 

The artifis and connoifleurs of Rome Teem to efleem this work 
fuperior to every otiier which has been executed by this 
ingenious and indefatigable artifl. 


THE Magiftracy of Augtburg have had the honour of pjraey ofboaks 
being the firft government of foulh Germany, which have P““**h*d at 
taken decifive roeafures againll the fliameful traffic of book-^”*^'**^** 
piracy. It has confifeated the entire edition, confiding of 
500 impreffioosj of the work of Goener, on the political 

rights 




Ruffian iMrine 
laffituuont 


Ruffian efta* 
blifbments for 
education. 
Numbers of 
naftera and 
pupiilw 


'fheaM latbe 


KKurvt 

of which wan pirated by KrawiMiev; tij 

dealer in faoh tranfacUon^ and befides coMpclIeil Ktatei 
felder to pay* to the tegitimate odHor^ the price of die Copiea 
which he had fold. 

THE Rnflian government have formed at Pelerlburg, tfn 
lidiitutioni whofe deiign is-the perfeding of all that belongs 
fo naval armaments^ and which is to be called the Mmine 
Mujbum. ' This mllitotion H not merely to be a fchool: all 
Che feiences neeeflTary tom naval officer will be there taught 
and the Mvfeum will befides publifli a journal which will treat 
of every thing relative to the loarine. It will have alfo a 
cabinet of natural hidory^ which will be open to all the 
pupils. This edablilliment will be under the direfiion of the 
tninider of the marinej and Its membeh are to wear the 
naval uniform. 


ACCORDING to the report of the minider of public in- 
(IruCtion. thereisatprefentin Ruffia 494iniljtutionsfor educa- 
tion» ,dire€lcd by J473 mailers, and attended by SSIS* 
fcholars. The expence of ibereeflablilhments cods government 
annually aimed two millions of Rubles* Among thefe are 
not reckOned thofe for the corps of cadets, or for pages, the 
Academy of Arts, the Schools of Commerce, nor (he Inditu* 
f?on for Female Eclucatrdn* ThpCe who know the dale m 
which Ruffian education was at the acceffion of Alexander, 
may judge by this defail what he has done towards'edightning 
his vad empire. 

' The Ruffian catholics earnedly concur in fecondhng hia 
viewx* At an eccleiiaBical affembly, convoked by the biihop 
6f Lu(k and' Shetotnir, various meafures have been taken fn 
&vour of the edablifliments for education. 


IN the town of OdeiTa in the Crimea, a theatre Is building 
with much aAivity» according to the plans of M. Thqmas de 
Thomon architeA to the Emperor, and a profeflbr of the 
Petrrlburg academy. 

This 
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(Tbii the arti are even extending; to this-hitiierto - 

part of the worlds which certainly from its fine 
climate, and many other advantages, merits every attention- 
its enlightened and humane mailer.) 

THE third volume of the Gtographical Dictionary of the Geographical 
Hiiffian Empire has been publiflied by the bookl'cllers, Gavy, 

Popow, and Luby. 


ANT important work is Toon expefled to appear at Felerf* 
burg, by the fcientific M. Delaunay, counfellor of (late, re¬ 
lative to Siberia, and the bordering countries. 


M. KOTZEBUE in his lad tour to Naples relates fome Ancient tnanu* 
particulars which be faw in vifiting the Mufeum of Fo^tJei, 
which will be intereding to the admirers of ancient literature, 

** Eleven young men are at prefent employed in unrolling 
the manuferips, and two copy them. An EnglKhman called 
Haiter, is at the head of the edahlidimcnt. He relates that 
his affidauls are much more expert and expeditious than they 
were formerly. He has great hope that he lhali have the 600 
manufcripls, (which yet remain) decyphered, and has little 
doubt that he (hall difeover among them an EnrumMd a Afe- 
Httnder^ as he flatters himfelf he has already a Polybius in 
hands* 

Oh the day of the vifit, a Greek author, hitb^to unknown 
named Kolotos, was difeovered; his work is on philofophy. 

As the names of the author are always inferted at the end of 
each mamifcript, they can never be known until it is entirely 
unrolled. Seven latin authors have pafled through the hands 
of Mr. Haker, but all fo much damaged that it was impodible 
to unroU tiiem, which be the more laments as one of (l>ein 
appeared to be a Tiiy, at lead it was an hiftorical work 


w ritlen in his fiyie; all that he can difeover of it, is^ that 
it begins with au harangue, in which mention is made of the 
family of Acilius. They have to this time difeovered five 
autliors i Fhihdemus, mod of whofe writings have been tband« 
and among others, a treatife on the vices u/hich are nearly, 
ollird to virtues. Epicurus, Phmdrus, Demetrius Phalereus the warki of 

and 

Phedtuk, 



IjwM# ml And bit JC^otm above-mentioned. Mr, Haiter r^rets Iba! beJ 
lias hitberto only met with works on pUIofophy^ allboa|^’ 
among thefe many hiRorical tdeas^ hitherto anknowni occur 
here and there: as happened in a diflertation on anger, in 
which is cited the example of Cadmus punithed by Bacchus 
for having given himfelf up to this padlon, a circumfiance 
hitherto unknown* 


IT has for fome time been an pbjeft of deliberation with 
sne, to afcertain by wbat means I might mc^ effefiually 
remedy an inconveni ice which has ariTen from thf 'drf- 
tinguiflied palronr^e t ils Jouinal has been honoured with: 
The great extent and value of original comtrlunications can¬ 
not but be duly eflimati ' by the public; though at the fame 
lime it has neceflarily followed, that various articles of news 
and other fubjefts in the foreign Journals^ have in many in¬ 
fiances been pofiponed^ and in fome rejefled. To retain all 
the peculiar advantages of this work, and to a&brd ample fpace 
for occafional and foreign articles of.vi|di^ the obvious means 
have appeared, that according tO' file prafiice of feveral 
other refpedlable works, each volume fliould be concluded by 
a Supplementary Number; contiining fix flieets, or 96 pages 
ot printed matter, and two plates. And, as many of the 
former plates, like' thofe in the prefent number, have con¬ 
tained mathematical figures or outline delineations, capable 
ot being advantageoufly condenfed, it is purpofed in ail the 
future numbers to give two very full plates, and fixteen extra 
pages of matter, inflead of the four plates hitherto given. 
By this arrangement every volume will in future contain SO 
flieets or 480 pages of matter, and 10 full plates; infiead ol 
20 flieets or 320 pages, with 16 plates lefs fully occupied^ 
This addition of new matter to the amount of full one half 
more, will admit the infertion of many interefting articles 
which want of room mufialfo have excluded* 

The plate of Rye-^Harhouir could not be finijhed in time 
on account qf the fudden ilbnefi qf the fngrover. It will he 
given gratis in the Supplement^ which will be publj/hedjon. 
next, at ihejbsne time as No, dO, 
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ARTICLE I. 


A Defcription qf an Air Pump upon a new ConflruQion^ By 
Elizur Wright. Communicated by Benj. Sillimak, 
Ej}jm Profejfor of Natural Phib/ophy, in Yale College, 
Nexvkaven, America, 


Upon reading the itnprovemenls made in the aif pump by The g<»end lia« 
Smeaton, Haas, Prince, RuiFcI.and Culhbertfon, ^ 

to me that the end which they aimed at might in fome meafare explained, 
be attained upon a principle that is diSerent from either of thofe 
by which their pumps have been conftruded It is well known 
that in a common air pump the valve at the bottom of the bar- 
refdepends upon the air in the receiver to open it. When the 
air in the receiver is rarihed to a certain degree, its fpring be¬ 
comes too aveak to overcome even the fmall redAance which 


willarife from'the weight of the valve, itscohefxon to the plate 
occaiioned by the oil, and iU being ilretched tight over t^e 
bde. Here the progreb of exhauftion will flop. And this 
would hold true, could it be poffible to produce a perfeQ 
Cttum in the barrel. But as the fame obfirudions belong to the 
piflon valye« together with the additional one arifing from the 
preiTure.of the external air upon it, and becaufe the piflon can- 
Voi. XIL-^upjplement, X not 
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The air-pump 
of Prince im« 
proTed* 
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nok Be n> aeciiraiely fitted to the Toiver valve as« wFcn pnt 
down upon it, to leave no vacuity between tbeni; a portion oi 
air will neceflarily be retained in tlie barrel, which by itspref- 
furc tliil further* prevents'the opening of the lovfrcr valve, and 
caufes the o{>erator to coihe la the limit of rareta£tion much 
fooner than be would upon the fuppofition that a perfed va» 
finprovcmenu cuutn were made in the barrel. Several very ingenious con* 

^v»ncc* have been invented to remove this imperfeftion, 
gilibBg whidi tiiote of Culhbirlibn and Prince are among the 
lateft, and cannot fail of giving the reader a very high idea of 
their fagacity and talents for invention. The method ufed by 
the Rev. Mr, Prince, of removing the lower valve by open¬ 
ing the bottom of the barrel into a ciflern which has a com¬ 
munication with the receiver, firft gave the hint (hat it might 
be poffible in fome limilar way lodiCpenfe with both the valves, 
and by this means carry the air pump to a greater degree of 
perfe6Kon. In purfuing this fubjeft I found that all this might 
be effefled, and in a way that admitted of much iimplicity of 
conftruflion. 

De&ripdofi of i The principle upon which this pump operates may be feen 
newairpump. jn the foHowing defcriplion of it. F, (P/ate XIV. F/g. 1 .) is 

the puRvpplate. O C is the barrel lying in a horizontal pod- 
tipn underneath the pump plate, imd nearly in contaS with it. 
A and B are two du6is leading from the pump plate into the 
barrel. The pition P is wilhont a valve, being (olid and accu¬ 
rately filled to the barrel. The p'iAon rod M is cylindncaland 
moves air right in the leathern collar O. There is ahother 
plfton, N, rbade like the former, but (horter, and aAed upon 
by the fpring S, which is thence termed thefpring pitton. The 

* dhds of thefe piftons arc vel 7 carefully fitteddo each other, fo 
' that when they are brought Into contad they wHI form brie 
uniform cylinder wfthoot’sny vacuity betwixt them. H is Ihe 

• wiiich, whh a pinion and ratk by which it is wmiced. Thq 
^ pump h fiip|)drtedby a pedeftal Upon which it is firmly liked. 

Afofkd ptfton The illantierin which k operates is this: Supppfetbe Ve- 
wki^m 1 ^- cetver phcCd overthe dttft A, leaving the dud^b'open to the 
piAes thraogh t victerfial ah:, alfo 'the fpriftg pifidn in the fituation N, ezClod- 
eollsr of iMthen ihg the Uxterfial air from the barrel, as neprefehted inihe figifre 

Sr^^^ve, contaS with it. iBc plilon P, by ihdviflg 

one to edmitjdr l6waY4s the daft A, forms a vacuiifil in the barrel. 'When it 

*l>y Ihe duft A, it opens a cemmunicailtbn between the 
dUchsrie it. ^ ' ret^ivcr 
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receiver and barrel, and the air by ils elaftlc force ruihes into The lattef is 
' \the barrel and fills if. The pifion now returns towards 
duel B, and <lrives before it the air contained in the barrel, 
together With the fpring piflon N, unlil they are flopped by 
the Hioulder D at lljc inflant in which the ends of the two pi- 
lions cuineagainft the middle of ti»e duft B. By forcing the 
air out at the dud B, the piftons come into contad, and form 
one uniform cylinder, that prevents any communication of the 
barrel with the external air. The pifton F is now drawn back, 
toward tlie dud A, and (lie fpring piflon N, by the adion ol 
Us fpri^, lollows in clofecontad with rt, until it is flopped by 
its flumhler C meeting with the end of the barrel, after having 
pafTod the dud B, and having continued to inteicepL the com¬ 
munication between (he barrel ami the external air, Tliis h 
(he fituation with which the defeription began ; andf ref>eating 
(he operation, wlien the piflon P is drawn back beyond the 
dud A, the air from tlie receiver rufbes into tlie barrel; and 
wiien it moves forward to the dud B this air is expelled. 

Having exhibited a general defeription of this pump, with 
ilic manner of its working, a more particular iiluflration of 
(onic of il.s parts will be given. 

When tlie pump is inlcnded to cxlianfl, the receiver itiufi This pump ex* 
be jilaccd over the duct A, leaving the dud Bopen to the HcnfeHtplea* 
lernal air; but when it iMlefigned to coiulenfe, nothing more fare, 
is nccelhiry than to tliii't the tituution of the receiver on the 
]»Iatc, placing It over tiic dud B, and leaving the dud A open 
to liie external air. 

The diid H is confinued around the fpring piflon by means 
of a circular channel cut into liie infule ol the barrel, in order 
that tilt" air might efcapcliom all fulcs wdien the pillons come 
into contad, 

Jt may be obferved that all the back fpace in the barrel be- PbfcryatUmn 
tween the collar O and the piflon P makes a part of the ca¬ 
pacity of the receiver; or, to fpeak more accurately, the 
fpace O A between the collar O and the dud A : the fpace 
A P between the dud and ptfton, while it moves from A toward 
•B, being only a temporary dilation of the capacity, and the 
fpace A P while it mows from A towards O a temporary con- 
tradion of it. 

For the purpofe of preventing a fluduation of the air in the Advantage of 
receiver, which would be caufed by tki:. expanCon and 

X 9- tradion^ 
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fraflion^ and might be detrimental in fomc experiments, the 
diameter of tlieducl A is made very fmall, and another barrel,- 
having Similar piRons and du^is, is added, with its rack, placed 
above the pinion wheel, while the other is placed below it. 
The advantage of a pump of lliis kind being conftruefed with 
(wo barrels arifes from the contrary motions of their piRons ; 
for while one augments the caj)ftcity of the receiver by moving 
forward, the other equally diminithes it by moving backward. 
An equilibrium is thus raaintained that prevents any ofcillatory 
motion in the mercury of the gage, which might arife from the 
operation of a iingle barrel. 

The additional relitlancc to be overcome in working this 
pump, above what is f(» be met with in other pumps, happens 
only at the fma-II interval wiiile tliefpring piRon is palling from 
rts natural fituntion to the duft This need not be more than 
about four times greater than (hat which is rcquifite to over¬ 
come thcfridlion of the piRon P, and will be eafily provided 
or by increafing the proportion between llie diameter of the 
pinion wheel and the fweep of the handle. 

KLIZUR WJtICiIIT, C.'I.S- 

Canaan (Connecticut in 

March l‘J, I80 j. 



Concanin^ the State zn vJuch ihc true Sap of Trees in depofited 
daring ^i'iatcj\ AV/Thoma-^ Anouew Knight, 

fConclmtcd fror.i 

,We have much more decifive evidence that bulbous and 
tuberous rooted plants contain the matter within themfelves 
which fubfeqncntly rompofes their leaves; for we fee them 
vegetate even in dry rooni<, on the approach of fpring; and 
many bulbous rooted plants produce their leaves and flowers 
with nearly the fame vigour by the application of water onlyf 
as they do when growing in the beR mould. But the water in 
this cafe, provided that it be peifcdiy pure, probably affords 
little or no food to the plant, and ads only by dilfolving the 


♦ Phi]. Tranf, of 1805, p. 97, 


matter 
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Riattoprepared anddcpofitecl in the precedin^year; and hence 
•the root becomes exhaufled and fpoiled: and HalFcnlralz found 
that the leaves «ind flowers and roots of fuch plants alForded no 
more carbon than he had proved to cxift in bulbous roots of the 
fame w'eiglif, whofe leaves and flowers had never expanded* 

As the leaves and flowers of the hyacinth^ in the preceding—-and itU 
cafe, derived (heir matter from itie bulb, it appears 

probable that the blotfoms ot tret '* receive their nutriment from tain the nutri-* 
the alburnum, particularly as liie blolloms of many fp'Jcies^®/^ 
precede their leaves: and, the roots of plants Ijccome weak- * 
ened aV^apparenlly exhaufled, when they have afforded nutri- 
ftienl to a crop of iced, we may lufjied that a tree, which has 
borne much fruit in one (eaion, becomes in a funilar way 
exhaufled, and incapable of affording proper nuLrimenl to a crop 
in tlie furceedin^ year. And I am much inclined to believe 
tlial were the ivooti of a tree in this flate accurately weighed, 
it would be loiind fpecitically lighter than that of aliniilar tree, 
which had not afforded nutriment to iruil or blolloms, in llie 
preceding year, or years. 

if it tie admitted that the fubtiance w hich enters into .the The preparation 
compolition of the firft leaves in the fpring is derived from 
iTiatler which has undergone Tome previous preparation within implies that the 
the plant, (and I am at a lols to conceive on what grounds thiscirculate, 
can be denied, in bulbous and tuberous rooted plants at leafl,) 
it niufl uKo be admitted that the leaves which are generated in 
the fummer derive their fubflance from a fiinilur fourcc; and 
lliis cannot be conceded vvilluiut a dire^l admiflion ot the 
exiflence of vegetable ciiculation, which is denied by fo many 
eminent naturalifts. I have not, liowevcr, found in their writ¬ 
ings a Angle faft to difprove its exiflence, nor any great weight 
in their arguments, except thole drawn (roin tw'o important 
■errors in the admirable works of Hales and Du Hamel, which 
i have noticed in a former memoir, i ttiall therefore proceed 
to point out the channels, tliroiigh which I conceive the circu¬ 
lating fluids to pals. 

Whenafeed isdepofited in the ground,or otherwifeexpofed E*plan«**onof 

to a proper degree of heat and moiflure, and expofurc to air, whi^^hTjuicea 
•water is abforbed by the cotyledons and the )oung radicle or of plants circu- 
joot is emitted. At this period, and in every fubfequent flage 
of the growth of the root, it incrcales in length by the addition &c. 

jjftw parts to its apex, or point, and not by any general dil- 

tenfl on 
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Explanatloa of teJifion 6f its velTels and fibres; and the experiments of Bonnei 

wiiich*th^a?ces Hamel leave little grounds of doubt, but that the new'*^ 

of plants circu- matter which is added to the point of the root defeendsfrom the 
tudJ'^Xan^M* cotyledons. The firft motion therefore of the fluids in plants n 
Itc. * ^ * downwards, towards the point of the root; and the vrflfeU 

which appear to carry them^ are of the lame kind with ihofe 
which are fubfequently found in the bark, where I have, on a 
former occafion, endeavoured to prove that they execute the 
fame office. 

In the lafl fpring I examined altnoff everyday the progreflivc 
changes which take place in the radicle emitted by e horfe 
chefnut; 1 found it, at its firfl exifience, and until it was fome 
weeks old, to be incapable of abforbing coloured infulions 
when its point was taken oiF, and I was totally unable to dif- 
cover any alburnous tubes, through which the fnp abforbed 
from the ground, in the fubfequent growth of the tree, nfeends: 
but when the roots were conliderably elongated, alburnous 
tubes formed ; and as foon as they had acquired ibme degree of 
firmnefs in their confidence, they appeareil to enter on their 
office of carrying up the aqueous fap, and tlic leaves of the 
plumula then, and not looner, expanded. 

The leaf contains at lead three kinds of tubes ; the tlrd is 
what, in a former Paper, I have called the central vefTel, through 
which the aqueous fap appears to be carried, and through’which 
coloured infuflons readily pafs, from the alburnous lubes into 
the leaf-dalk. Thefe vellels are always accompanied by fpiral 
tubes, which do not appear to carry any liquid: but there is 
another veflci which appWrs to lake its origin from the leaf, 
and which defeendsdown the internal bark, and contains (he 
true or prepared Tap. When the leaf has attained its proper 
growth, it feems to perform precifcly the office of the cotyledon; 
but being expofed to the air, and without the fame means to 
acquire, or the fubdance to retain moidure, it is fed by thcal- 
burnous tubes and central vefTels, The true fap now appears to 
be difeharged from the leaf, as it was previoufly from the cotyle¬ 
don, into the velfels of the bark, and to be employed in the for¬ 
mation of new alburnous tubes between the bafe of the leaf and 
the root. From llicfe alburnous tubes fpring other central vef- 
fels and fpiral lubes, which enter into and poifibly give ex- 
iliepce to, other leaves; qnd thut by a repetition of the fame 
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..p^occfs the young tree or annual (hoot continues to *tcqUKe 

\iGw parts, which apparently are formed from the afeending which the juices 
aqueous fap* of plants circii- 

But it has been proved by Dii Hamel that a fluid, flmilar to Itldesf’^h^ety 
that which is found in the true fap vefleis of the bark, exifls &c. ' 

alfo in the alburnum, and this fluid is extremely obvious in the 
tig, and other trees, whufe true fap is white, or coloured. The 
vefleis, which contain this in the alburnum, are in con¬ 
tact with thofe which carry up aqueous fap; and it does 
not appear probable that, in a hotly fo porous as wood, fluids ib 
near other fliould remain wholly unmixed. 1 mufl there¬ 
fore conclude that when the true fap has been delivered from 
the cotyledon or leaf into the returning, or true fap vefleis of 
the bark, one portion of it fecretes through the external cel¬ 
lular, or more probably glandular fubflance of the bark, and 
generates a new epidermis, where that is to formed; and 
that the other portjon of it fecrctcs through (he internal glan* 
dular fubflance of the bark, wiicre one part of it produces the 
new layer of wood, and the remainder enters the pores of 
tlic wood already formed, and rubfcquently mingles with the 
^tfeending aqueous fap; which thus becomes capable of af- 
iurding the matter neceflary to form new buds and leaves. 

It has been proved in the preceding experiments on the 
afeending fap of the fycumure and biich, (hat that fluid does 
not approach the buds and unfolding leaves in ihefpring, in the 
Bate in whicli it is abforbed t'rorn the earth: and therefore we 
may conclude that the fluid, which enters into, and circulates 
through the leaves of plants, as the blood through the lungs of 
animals, confifts of a mixture of ll»c true fap or blood of the 
plant with matter more recently abforbed, and lefs perfectly 
aflimjlated. 

It appears probable that tlie true fap undergoes a confider^ 
able change on its mixture with the afeending aqueous Tap; 
for this fluid in the^fyeamore has been proved to become more 
fenflbly fweet in its progrefs from the roots in the fpring, and 
the liquid which flows from the wounded bark of the fame 
tree is al(t> fweet; bull have never been able ,(o detect the 
flighteft degree of fweetnei’s in decoflions of the fycamore 
wood in winter. I am therefore inclined to believe that the 
faccharine matter exifling in the afeending fap is not immedi¬ 
ately, or whollv, derived from the fluid which had circulated 

through 
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^planationof through the leaf in the preceding year; but that it is gene* 

which^^juices ^ pfocefs fimilar to that of the germination of feeds^ 

of plants circu- and that the fame procefs is always going forward during the 

fummer, as long as the tree continues to generate 
ftc. new organs* But towards the conclulion of the fummer I 

conceive that the true Tap limply accumulates in the alburnum, 
and thus adds to the fpecihe gravity of winter-felled wood, 
and increafes the quantity of its extradtive matter* 

I have Tome reafons to believe that the true fap defeends 
through the alburnum as well as through the bark, and I have 

been informed that if the bark be taken from the trunV^ of trees 

/ 

in (he fpring, and fucli trees be fufTered to grow till the fol¬ 
lowing winter, the alburnum acquires a great degree of 
hardnofs and durability. It fubfequent experiments prove that 
the true fap defeends through the alburnum, it will be eafy to 
point out the caufe why trees continue to vegetate aticr all 
communication between the leaves and roots, through the bark, 
has been intercepted: and why fonie portion of alburnous 
matter is in all trees* generated below incilions through the 
bark. 


It was my intention this year to have troubled you wdth 
feme obfervations on the reprodudlion of (be buds and roots 
of trees; but as the fubjedt of the Paper, which I have now 
the honour to addrefs to you, appeared to be of‘ more im¬ 
portance, I have deferred thofe obfervations to a future op. 
portunity; and 1 fliall at prefent only obferve, that 1 conceive 
myfelf to be in pufletlion of fads to prove that both buds and 
Touts originate from the alburnous fubflance of plants, and not, 
as is, I believe, generally iiippofed, from the bark. 


1 am, See. 


BUon, Dec. 4, 1804* 


T. ANDREW KNIGHT. 


^ I have in a former paper Hated that the perpendicular fliootsof 
the vine form an exception. 1 fpoke on the authority of numerous 
experimentsj but they had been made late in the fummer; and on 
repeating the Tame experiments at an earlier period, 1 found the 
rcfult in confoimity with my experiments on other trees. 
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Singular Method c^f forming Walk and liotfs of Bural Build¬ 
ings in hidojians co7nmnnicuttdhy M.'Lr.covyi d& Flaix, 
Officer of Engmeers*, 


The method which the Indians have ufed for many years, Advantages of 
of forming their rural buildings, unites folidity, convenieucej 
and wholefomcncfs to economy, and iacility of execution. 

Houfes ronflrufied in this manner have alCo the advantage Kefifts fire an4 
of being l^^rolutely fafe from conflagration, and of relifling ^"‘‘*^‘***“*“* 
even the mofl violent inundations. 

In a country wlicre flone is fcarcc, the rich build their 
lioufes with bricks, which in many refpedts arc preferable to 
flone ; but poor people, (uch as thofe employed in agriculture, 
cannot go to that expence, even in India, where labour and 
materials are fo cheap* 

The habitations of villagers in mofl parts of the globe 
are built with earth walls, in India they are likcwile covered 
with terraces oi earth, and it is evident, that bulMings formed 
with botli walls and roofs of earth mull ncccllarily be free 
from danger of Are. 

To prove that buildings of this conflrtiflion are equally 
fafe from inundations, it is fuflicient to flate, that on llic 
banks of the Ganges and Indus, (rivers of vafi magnitude 
both in their extent and their courfe, and wliofc great bodies 
of water caufe the mofl deftruftive etiefls in their floods,) 
thefe houfes fland uninjured, tlmugh fometimes ifolaled in the 
midft of immeiife inundations for fifteen or twenty days. It 
is extremely probable, that houfes built of flone or brick 
would not fland this great force of water equally well. 

To form houfes in this manner, the foundations of the The earth dug 
oiUfitle and parlilion walls are dug up, w hich arc fomelimes 
from five to fev feet deep, and always proportioned to the edfinc, 
heiglilli intended to be given to the walls. The excavated 
earth is expofed till it becomes ptrfcftly dry; if it is of a fat 
or argillaceous nature, it is carried to a place, prtfpared for 
the purpofe, where it may be pounded info a duft, and pro¬ 
perly prepared for ufe: when in this flate, it is mixed with a and mixed with 
• ^11 coarfe fand or 
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then xnoif^encd 
with water. 


The walls arc 
rajfed allto|^c- 
ihcff 


tlnVJoran hair of coarfe fand, or fmall gravel pafled throog'i 
a fieve to dear it from pebbles. The fat earth is mixed with 
the fand and gravel, and worked up well with it, fo that the 
inafs may be of an uniform confiitenue. It is then moiflened 
with water five or fix hours before it is wanted, and in the 
quantity neccllary for a tingle day^s work alone* 

The mixture thus prepared U carried to the place of buihl- 
ing, when the foundations arc jjerfoclly dry, and the walls are 
then built equally in every part at the fame time, on a pcrfedl 
level, in courfes, and brougiit up perpendicularly : each courib 
from twa to four of earth is irom eight to ten inches in depth, and t^ie whole 
fret thick. breadth of the wall, which is fcldom Icfs than fwd feet tliick, 
.and never exceeds four; which dimcnlions are -always re¬ 
gulated by (he intended height qt ific building, and the force 
Inonctwoor of the floods, if it is near t!ie When the walls are 

1 day accortimg three feet and a half, or four fevt^ntk, only one couifc is 
to the cbickncfii. railed in a day; but when they are liom two feet and half 

to three feet thick, two cou.’’ies are railei!, and if they aie 
but two feet thick, three comics arc foinclimes raifed in iliat 
fpace of time. This depends on the quicknels of the defic- 
calroii of the walb, which I'pecihiy takes place ilicre, where the 
dryncls of the air is extreme; tliis would not peihaps happen 
in our moifi ciimatet; if this method of building (liould be 
tried here, it would probably be n‘ccefl;»ry to leave them 
longer (o dry, in order to obtain the requifite tenacity. 

When the walls me built to the lieight for the roof]| the 
proper openings are made for the beams and joifls. It is 
almofl needlefs to add, that the apertures ncccifary for tkc 
doors and windows arc made while (he walls arc building. 
Thewallswhcn On the twelfth or riflcenlh day, or when the w'alls are 
dry areenclofed fufficientlv dry, or to the lame dcKree to which tiles are dried, 

caiesofbambou, the walls are furrounded cxtemall) and internally with a fort 

of open work cafe, made of fpars ofbambou, or of fome other 
hard and dry wood. In Indoflan, wdierc this method of 
building is general, the w'orknian have bars of iron, which 
they hire out, (hat ferve to fuftain the coffer work mentioned, 
»t two or three and are placed at every three or four yards; the coffer work 
feet diftrfnc'-, ^ railed at two or three feet diflance from the furlacc of the 
tiled with fuel. according to llieir thicknefs, and the fpacc between is 

filled up with firewood, turfs, and cakes made of cow and 
fheep dung worked together and dried in the fun. 


Spxes left for 
beams, doors, 
si&d windows. 
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pile of combuliibles is arranged in feveral ilages» Arranged in 
three, four, or five feet thick, feparated from each 
by layers of earth or half dried turf of from eight io teueaith. 
inches depth ; the upper (tages arc (irfi fet on fire» fotliai the The upper 
wall is baked through its whole extent from top to bottom. 

The charge ol the combutliblcs for each of the flages is fo 

managed, (hat the lowcfi is the greatefi, and is diminiLhcd 

for each as it is nearer the top of the wall \ as the pile burna 

down the fire of the lower fiages fiill a£ts on the upper part 

of the walls, which permits tbe upper fiages to be of Jefs 

lliit knef^ The fire bakes the walls to a thicknefs of from'^'^aHsthust)akfld 

lix to ten inches, as tiles are baked in a kiln. And thus walls 

are built in a Tingle piectr, and of the grcalefi folidity, w*Inch ten inches. 

have the more firenglh, as there are no juiiftures in them. 

Wherefore they ought to prevent the greiileft pofllble refift- 
ance to the adiion of the atinofphere, the attacks of floods, 
and the fall of rain, which delcends in torrents in inofi 
countries of Indoftan during the rajny fcafon. 

ExperieiKc has toidlani!) proved, that the houfes built in Theft houfes 
this manner not only lall much longer than ihofe built brick^^ 

bricks, but that they alio ictlfi better the attacks oi the and rrfift fliUis 
periixlical inundations, and lliofe of ibc annual rains to which better, 

they are expoled in this climate. 

The meliiod in which the terrace roofs (which are called 
in India argamace) are iormed for ihefe boufes, is the 
following: 

imniecliatirly after the baking and cooling of the walls, the 
afiies and the bars which fufiained the c^ificr work arc-res 
moved. The beams and joifls are placed, and covered 
either with veiy thin boards, or elfe with imall green branches; 
and upon this (upport the diflercnl layers of the terrace roof 
are placed. The firft layer is firnplyclay, with an equal «>m- 

quantity ol o/tf, a 'pecies of marl in powJer, v\.iich is pounded ^ of maiJ, 
in troughs, fuch rsare ufed for preparing mortar. This hrft layer 
is four or five inches thick, and it is then levelled, and is cst c * 
moifiened from time to time, in order Io beat it firm with 
fmalJ bats. As foon as this is dry, the iecond layeiais laid on, 
which confifls of potters clay worked up in llic fame manner Second layer 
as if prepared for making pottery; tins layer is only two 
or three inches thick at moft. It is levelled according to the thick. 

|lope of the terrace/ which is given it io placing the bfims 

and 
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Third layer clay 
With one fourth 
brick duft and 
one fourth fine 
fand 6 or S 
utfhei thick* 


Hnufcs thus 
built coil 6 
franki for the 
cubic fathom* 


and joiftSi and it is confoiidated by light blows of woodt:* ^ 
trowels, nniil it is perfectly dry. When the clay forms cracki 
in drying they are clofed by other clay prepared for filling up 
thefe chinks to the bottoms,. 

The fecond layer when perfe^ly dry, and free from cracks, 
is covered with a third layer; which iscompofed of pulverized 
clay mixed with a fourth of brick duff, parted through a dole 
fieve, and with a fourth of fine fand. This mixture is worked 
op in a trough like mortar; it is ufed as foon as prepared, and 
is then fpread out equally over the whole terrace fix or eight 
inches thick ; this layer is confoiidated in the fiira^ifianner as 
the others, and this labour is continued till it is perfectly dry; 
and then iheargamact is fintrtied. This terrace is ftrong, and has 
fuch tenacity tliat the moft violent rains cannot penetrate it. 

A building of this fpecies cofis in India but fix francs (five 
(liiliings) for the cubic fathom and is entirely perfoimed by 
mafons. In France it would coft three times as much (and 
fomething more in England] on account of the greater cxpence 
of labour and fuel. 


May be made 


Houfes may be built in this manner of any height required, 
with many fto- gnj of as many (lories as arc thought fit; 1 l»avc leen lome 

that had but one ground floor; but I have alfo (con otlicrs that 
An houfe of this were elcvatcd two flories above the ground floor. One of (his 
fcri 430 years |aft fort, filuated on the banks ot the Gemna in the province of 

Alabad, was built above 430 years, and (he walls, and 
the whole of the building looked as frelh as if ihey were new* 
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Account of fame new Improvements on By Mr, 

Arthur Woolt- 


Mr. WoolPs 
improvements 
in fteam-en» 
glnn* 




(Concluded from page 29^*) 

* I have found oul and invpnied a contrivance, by which 
the temperature of the ficara vclTc-l or working cylinder of a 
rteam-engine, or of the ftcam veffels or cylinders where more 
than one are ufed, may be raifed to any required temperature, 
without admitting fleam from the boiler into any furrounding 
receptacle, whether known by the name of a fleam cafe, or 
by any other denomination* That is to fay, inflead of admitting 

fleam 
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^/Uain of a high temperature into fuch receptacle or fleam cafe) Mr. WoolAs 
ilhicb is always attended with a rifk of explofion proportioned 
to the elaflicity ot the fleam employed^ I put linto the faid gines. 
furrounding receptacle, or cafe, oil or the fat of animals, or 
wax or other fubflances capable of being melted by a lower 
temperature than the heat intended to be employed, and of 
bearing that beat without being converted into vapour: or 1 
put into the faid cafe or cafes mercury or mixtures of metals, 
as of tin, bifmuth, and lead, capable of being kept in a flate 
of fufion in a lower temperature than that intended to be em<- 
ployed working the fleam-engine; and I fo form the fur* 
rounding cXfe or cafes as to make it or them admit the aforefaid 
oil, or other fubftance employed, to come into conlaft not 
only with the Tides of liic fleam veffel or vcllels, or work- 
ing cylinder or cylinder'?, but alfo with the bottom and top 
of the fame, fo that the whole may be as much as pof&bic 
maintained in one uniforni temperature; and this tempera¬ 
ture I keen up by a fire immediately under or round the 
cafe or cafes that contains the ufbrefaid od or other fub- 
flance, or by connecting the /aid cafe or cafes with a fe- 
parate velfel or veflbls, kept at a proper temperature, filled 
with the oil or other fiibflance made ule of as aforefaid. 

In fomc circumftances, or whenever the Tame may be con* 
venient or dc/irablc, I employ the fluid metals, or mixture^ 
of metals, and oil or other of the fubflances before enu¬ 
merated, at one and the fame lime in the fame engine; that 
is to fay, in the part of the cafe or veflbl expofed to the 
greatefl adlion of the fire, I fometimes have the aforefaid 
metals or mixtures of metals, and in the parts lefs expofed 
to the adlion of the fire, I put oil, or other fubflances ca¬ 
pable of bearing the requifite heat witliout being converted 
into vapour. 

By this arrangement, and method of applying the fuf- 
rounding heat, ^ not only obviate the necefllly of employ¬ 
ing fleam of a great expanfive force round the fleam veflel 
or ve/Tels, or the working cylinder or Cylinders, as already 
mentioned, to maintain them at the temperature, required, 
but I am enabled to obtain from fleam of a comparatively 
low temperature, or even from water itfelf, admitted into 
the fleam vefTcI or vcfiols, all the clFedls that can be ob¬ 
tained from fleam of a iiigh temperature, without any of 





m 

Mr/Wb«ra 
uiy rw ei nents 
in ftMm«ca* 
(ines* 


^he riik tvhioh.the produdion otihe latter is accqjp- 
paniedf not only to the boiler and other parts of the ma. " 
chinery, even to the lives of the workmen; for fuch 
low {learnt or even watert (but in every cafe Hearn is pre> 
.ierabie,) being admitted into a Heam veHei or veHels, or 
working cylinder or cylinders^ kept at the requifite higher 
temperature by the foremenlioned means, will there be ex- 
panded in any ratio required, and produce an efTefl in the 
working of the engine which cannot otherwife be obtained 
but at a greater expenfe of fuel, or with the ri(k of an cx- 
ploiion. By this means I can make ulc of Heam (Expanded 
many required ratio» or of any given teinperati^re, without 
the neceHity of ever having the Heam of any greater elaf- 
ticity than equal to the preflure of the common atmo¬ 
sphere. 

** Another improvement which I make ufe of in Heam- 
jengines confiHs in a method of preventing, as much as 
poflible, the paHage of any of the Heam from that Hde of 
the piHon which is a6tcd upon by the faid Heam to the 
other fide which is open to the condenfer; and this 1 cf- 
fcGtt in thofe fteam-engines known by the name of double 
engines, by employing upon or above the piHon mercury 
or fluid metal, or metals in an altitude equal io the preilurc 
of the fleam. The clhcacy of this arrangement will appear 
obvious, from attending to what muH take place in working 
fuch a piHon. When the piHon is afeending, that is, when 
.the Heam is admitted below the piHoti, the fpace cn its other 
fide being open to the coiidcnfer, the Heam endeavouring to 
pafs up by the fide of the piHon is met and eflFedtually pre¬ 
vented by the column of metal equal or fuperior to U in preflure, 
and during the down Hruke no Heam can poffibly pafs without 
firfl forcing all the rnelal through. In working what is called 
« Angle engine a lefs confi terable altitude of metal is required, 
becaufe tlie Heam always a^ls on the upper fide of the piHon. 
for fingic engines, oil or wax, or fat of animals, or fimilar 
fubflances, in futficient quantity, will anfwer the purpofe, if 
another nnprovemeuf, which conHitiUes part of my faid in* 
ventiou, be applied to the engine, namely to take care that 
in either the double or tingle engine fo to be worked, the 
outlet that conveys the fleam to the condenfer {hall be fo po- 
filed, and of fuck a fize,, that Uie {learn may pafs witliout 

forcing 
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jfjffcing before it or carrying with it any of the metal or other Woolf's 
f^tlance employetl, that may have pafTed by the pifton; taking 
care at the lame to provide another exit for the metal or other g’mcs. 
fubftance rollefled at the bottom of the fleam velTd or working 
cylinder to convey the fame into a refervoir kept at a proper 
heat, whence it is to be conveyed to the upper fide of the 
piflon b\ a final! pump worked by the engine or by any other 
contrivance. In order that the fluid metal or metals ufed with 
the pifton may not be oxidated, I always keep fome oil or 
other fluid fiibftancc on its fiirface, to prevent its coining in 
contact ^iih the atmofpherc; and to prevent llie ncceflity of 
employing^a large quantity of fluid metal, I generally make 
my pifton of the depth of the eoluinn required, but of a dia¬ 
meter a Iit*Ie lets than the fteam veflel or working cylinder, 
excepting where tlie packing or other fitting is neceftary to be 
applied; lo that, in facl, tlie column of fluid metal forms only a 
thin body round the pifton. In fome cafes I make a hojlow 
metallic pifton, and apply an altitude of fluid metal in the 
inftde of the working cylinder. 

It may be neceftary, how'cver, to fiate, that in apply- 
ing my improved method of keeping the fleam vefTcIs of fleam- 
engines at any required temperature to the engine known by 
the name of Savary’s, in any of its improved forms, in whidi 
a feparate coiidcnfer has been introduced, I fometimes employ 
oil (or any other fubftance lighter than water, and capable c* 
being kept fluid in the temperature employed, without being 
converted into vapour,) in the upper part of (he tube or pipe, 
attached to the fleam velFcl; by which means fleam of any 
tem^perature may be ufed without being expofed to the rilk f‘f 
partial condenfation by (he admiflion of any colder body into 
the fleam veflel; for the oil, or other (ubltance employed for 
this purpofe, foon acquires the req ufite temperature; and to 
prevent unneceflkry cfcape of heat, I conllruff of^ or line 
with, an imperfect conduftor cf heat, that part of the tube cr 
pipe attached to the fteam veffel which may not be heated ex¬ 
teriorly* And funher, (as is already the praftire in fome en¬ 
gines, and therefore not cxclufively claimed by mfi,) I caufc 
the water raifed by the engine lo pafs off through another a(- 
cending tube than the one attached to the fleam veflel, but 
connedled with it at fome part lower than the oil or other 
' fubllance employed in it i'j ever rufTe/ed lo defeend to in the 

working 
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working of ihc engine* TIic improvement which I have 
mentioned, of introducing oil into the pipe attached ^ 
the fleam vcil'cl of fucli engines, may allb be introduced 
without applying heat exlecnally to tlie fleam vefTel; but in 
this cafe part of the which would otherwife br. gained 
is lofl.” 
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The earth of 
Baiifiiflcrt) ana- 
lyied* 


It contains, be- 
fidca magnefia, 
fttiphate of limov 

ftlex, 

•«>and carbonic 
acidj 


water. 


On the Ma^ne/um Earth of Baudiffero, Bj/ M. Gioiiert. 

(Concluded from Page 184.) 

To afeertaiu the proportions of thefe ronftituent parts ol 
tlie magncTian earth, w^e lixiviated a given weight of it, and 
precipitated the fulphuric acid from one part of it by acctilc 
of barytes, and the lime from the other part by oxalate ol 
ammonia. 

The weight of the oxalate of lime, and that of the fulphatc 
of barytes, obtained from it, fliewed us that it contained !,()() 
of the fulphate of lime. Tlie experiments before recited de¬ 
termine llie proportion of the filcx contained. 

To prove that of the carbonic acid, \vc both calcined a given 
weiglit of the earth in crucibles, from which fyplions pafTed 
into bottles containing lime water; in order that the carbonic 
acid gas furnidied by llio earth might be precipitated, and alfo 
dilTolved confldeiablc quantities of it in acids by the a£lion ol 
heal, and rcccivcwl the gas produced in bottles filled in like 
niunncr with lirnc water; t!ie tirft method produced confiantly 
the moft. The oaihonatt: of lime formed in thefe different 
experiments apprized us that 100 parts of the earth contained 
from 8 to 12 of carbonic acid, and fbmelimes a little Icfs in the 
fiony fpecies. 

If this weight of the carbonic acid be deduced from the 
lofs of weight w'hich this earth fuffers by the calcination in the 
fire, which was mentioned before, we (hall then have the 
**quantity \)f watef which the earth contains. In colIc6ting the 
refuUsof the different experiments, it appears that the earth 
of Baudiflero is compofed of 
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It is from llicfe refults that I denominate this earth native It may be calle 4 

magnefia. It is doubtlefs found mixed with a little (ilex; propriety 

... 7 . I . , native m.ignefia* 

XT Uie title ot native aiumen is given to the alumenou.s earth of 

Halle in^axony» which contains 21 parts of the fulphate of 
lime; if thAname of native magnefia is given to that of Mo¬ 
ravia, announced by MitchacI, of which 100 parts contain 30 
of carbonic acid; it appears to me that the earth which I de- 
feribe has a much better title to the name which I have 
given it. 

The earth of Baudiflero aflbrds a fuhjeft for inlereding ob- Suppofed tft bs 
fervations in the inveftigation of its origin. Many facts Sewm^ofition^'of 
me to believe that thi.s earth and the Cornecn [tone or Cacho- the Comeen 
long, deferibed and analyfed by my colleague Bonvoihn, are 
both of the fame nature. It appears to me that Cacholong at 
u certain point of its decompufition forms what Bonvolfin calls 
the hydrophane of Piedmont, and that in its complete decom- 
pofition it forms the magnelian earth of which I here give the 
analyhs. Bonvoilin has declared himfclf of an opinion pre- 
cifely contrary to this ; for he has fuppofed that this earth, far 
trom being the produfi of (he clccompofition of Cacholong, 
is the element of its formation. Our colleague Gioanetti is of 
the fame opinion. In thefe two hypothefes, the change of 
one earth into another is manifell, that is to fay, (he change 
of filex and aiumen inlomagnefia in my method of confider-And thenforc 
ing the matter; (for it is principall) of thefe two earths that *1^^^ alu- 
Cacholong and Hydrophane are compofed, from the analyfis j, 4.h4ngcd into 
of Bonvoifln;} and the change of magnefia into aiumen andm^gneti^j 
Alex according tc the hypotheAs of Bonvoifin and Gioanetti, ccon- 
As this fubjed appears to me to be very inlerelling, 1 intend 
to make a comparative analyfis of thefe ftones at the dilFcr* 
ent degrees of their decompuAtion or entering into the Aafe 
of agate (agati/ation) which (liall be the fubjc£t of another 
memoir, 

Vot, XIL— Supplement, V There 
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There remains yet for me to examine the economical ufes 
for which this earth may be employed. / 

The experiment which I related in the beginning of ti^is 
memoir, of the decompofition of the fulphate of iron by this 
earth, which produced an excellent fulphate of magneiia, in¬ 
dicates one of the methods in wliich it might be ufed to ad¬ 
vantage. 

Twenty-five pounds of fulphate of iron coft only three francs 
with us, while the price of the fame weight of fulphate ol 
magnefia is eight francs from this it follows that this procefs 
may be followed to advantage. To this may be ad&ed that 
fulphatc^ofirop, fulphate of magnefia of commerce, being ii^ipure, and 
deferibed before, mixed with much fulphate of foda, cannot be compared to that 

which may be procured in (his manner, which equals the befi 
merce in general, fait from * * canal; fo that in this comparifon the more pure 

fulphate of magnefia thus obtained, may be valued at ten francs 
at leafi, and in reality is worth more. 

This however is not tlie beft method (o purfue, when (he 
operator has it in his power to follow the others, which I am 
going to recite. 

The following experiments make known tvi^o procefies much 
more economical. 

In the firll experiment I took two pounds of the earth of 
Baudiflero, reduced to a coarfe powder, with the fame quan¬ 
tity of the fulphurel of iron of Brozo reduced to powder in 
like manner, I mixed them together carefully, and treated one 
half in a crucible on the fire, and the other half in an iron 
capfule. - 

Or by pounding In both the mixture heated to rednefs emitted fparks, efpe- 
thefe and heat- cially on being ftirred. It feemed to become reduced to a 

very fine powder; a fort of boiling took place, produced 
doubtlefsly fay the difengagement of carbonic acid, and here 
and there appeared flames of fulpbur, which burned without 
exhibiting any fign of the production of a fulphurel. The 
fulphurous odour was not however very troublefome, from 
whence it appeared that the magnefia abforbed with readinefs 
the fiilphuric and fulphurous acids in proportion as they 
Were formed by combufiion. The mixture became of a black- 
ilh grey, or mofe properly a black; but which appeared grey 
from the white particles which Bill remained mixed with it. 

After 
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After being left three hours lo coot, it was moiftened with Leaving todigeft 
\aler and pot away till next day, a part of it was then lixivi- Vith 

atcd ; the folutiun being made clear and treated with ammo-cold water, 
uia, ^ave an abundant and very white precipitate. This cir-• 
cumllance indicating that much of the magnefia was combined 
with fulphurlc acid In the operation, all tlic remainder was 
lixiviated. The very clear lixivium, evaporated properly, 
produced at the hrft cryHalization a pound of fulpbale of mag- and cryftalixSnga 
nefia in beautiful cryftals. The remaining liquor gave on fuc- 
cetTivc^evaporalions a pound and half more of the fame fait 
in fine cr^fials, very dry and very white. The liquor pro-fine cryAat* in. 
cJuced cryllals io tiie lafl drop, and the mother-water never 

U /• I 

became (oul. The mother- 

The mixture wliich remained after lixiviation was roafled 
a fecond time, and again produced tulpliate of magnefia : It gives cryfiits to 
was then thrown away, although apparently it would have 
yielded more fulphate of magiu fi» after another lorrificalion. rnaL*d aga^nd^ 

In another experiment, pure lulphur was uled inftead of the re-lixiviated 
pyrites; it was eafy to forelee that the refuU would be the 
fame; it was however definable to prove it; and the refukPure fulphur 

»a, pcfcai, f.,U6.a„,y. S’lpfr,:-' 

The ufe then which may be made of thi" e. itli, confifis ir 

forming with it fulphate of niatjiiella. The me-a' > i.y Ij.cl va*!:. 

® 1 , * , ? A/• r /ri I I* • Procels tof iul- 

llns may be done are perhaps liie molt timp./ jHdubie. it is ph.ite of mag- 

fufiicieiit to reduce lo powder the earth and the fu^phur, orlarge 

the fulphurcl of iron, where it can be cafily procured, as may nelian earth 

be done at Baudifiero. Thefe fub/iair-cs iliouid be mixed in pyrites, fimilar 

nitnofi equal parts; for it is ufeful lo proceed with an excefs“ 

of the earth, and the more fo, as its cull is almoft nothing: 

The mixture fhouKl be torrified in an oven or kiln, heated (o 

the degree at which fulphur inflames, and when there appear np, 

more jets of fulphurous flames, the kiln is to be left to.cool* 

The matter being then drawn out fliould be raolftcned with 

water in cifter* s, and left for fome days, only, taking care to 

ftir it in that time. 

The part of the.ftilphur which in burnipg had only pafled to 
the ftateof fulphurous acid, oxigenates.gradually, br the fait, 
which at firfi was but a fulphite changes to a iulphale. Thc,N 
naatter then to be lixiviated, in the fame manner that isufed 
ibf- nitrous earths, the liquor fufBciently evaporated, and left 
to cry ftalize by cooling. 

Y Anoihec 
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Ai^h^ proccfs Anoiher method maybe followed in places where fulpliurcts 
where pyntesffc^*^® worked; or where, as at Brozo, there is a manufatlure 
humed- fulphale of iron. The kiln, where (he pyrites arc burned, mn^ 

bc^wvered*¥r^th covered with an heap of the magnefian earth ; the fulphu- 
Heap of mag. ric ackl, which is difengaged will be abforbed by the nvtgne- 
nefian earth. advantage of putting an end to the complaints 

of the owners of property near the manufadlure, will be added 
Which when that of fulpliating the magnetiai from which the fait may after* 

wards be procured by lixiviation. This lall procefs, if it were 
may be lixivi- introduced into the manufadlory of Brozo, would produce the 

lulphate of inagnetia of commerce at a very moderate (.rice. 

As the magnclian earth of Baudiflero forms aiv^excellcnt 
porcelain with files, it prefents befides an interefting fubjedl 
for refearcli relative to the fabrication of pottery. With this 
earth and a quantity of the argillaceous caith of Cafiellanioiitc 
aod mixed with fufficient to unite it into a paftc, I formed fome crucibles and 
argil forms capfules^ Thefe crucibles were expofed for liours in the 

hard* . furnace of Iheglafs-houle of Vo, The carlli'; did not ieem to 

have formed a fullicicnt union; neverthf-lefs (he haidncfs of 
the crucibles was fuch that they could r(>t be affcclcci by the 
file. Doftor Gioanetti, who is now engaged in nia^uJafture 
of flone-ware pollei), will iuTcaftcr throw light on this fub- 
juft, 

1 end this part of my memoir with ubferving that the trials 
which I made of this earth as an ablorbcnt in veterinary medi¬ 
cine lucceeded pcrfe6lly well. 


ated* 

The magnefian 
tartli ufeful for 
^rcelainand 
pottery. 


Additions to the preceding Ale?ntiir, by the fame. 

The earth of Farther refearches which I made on argillaceous earths have 

Caftellamonte ** criven me to underfiaiid that the earlli of Baudifiero is nut the 
iimilar to that of ^ ^ , « r 

BavdiiTcro. only onc known that cunfiiis for the molt part of magnelia. 

The fame kind is alfo found at Caftellamonte, a large village 

near that of BaudiiTero, 

M. Bertoline, doctor of medicine, one of the moft eminent 
of my pupils, having repeated the detail of the experiments 
which we made at the general fchool of cheixiiftry, invited us 
* to etiay a particular earth of Caftellamonte, his country, whicli 
he thought would furnifti ihc alutnen which was fought for un- 
fuccefsfully in tlie earth of Baudiflero; foon after, by the care 
of M. Onorato, furgeon of who is the pro- 

prio 
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pnelor of Ihc land where this earth is found, I received a large 
^antity of if, and we examined it comparatively with that of 

Tl^e earth of Caftellamonte, which was brought to us had When firft dnp 
nearl^he fame appearance as that of BaudifToro; but 
it is firft dug up from the ground, it has on the other hand dif¬ 
ferent external appearances, which feem to depend on the dif¬ 
ferent degrees of clecompofition of tlie Corneen ilone or 
Cacholong, which is found at Caflellanionte as well as at Bau- 
differo. 

The colour of this earth is a white inclining to blucifli. In 
a mats thi^earlh is opaque; but when fmall fragments of it of 
a minute thicknefs are examined, they have a femi-tranfpa- 
rciu’y. 

In tiiis rcfpefl it has a flrong refcmblance to horn; it is very Rcfemble# howf 

loft, and may he cut with a knife like hard cheefe. It is more 

•' chcefe, more 

uncluous to the toueli, arul a little more adhelive to the longue un£tiious, and 
than the e^irlh of Bauditfero. ** 

TreatCil with the acids, like the loft fpccics of BaudiHero, the firft. 
it becomes diluted, and then djllblvcs, but has however not dkr* 

very u-uiarkaljlc difference, which is that it diffolves in all with acids, 

acids without llie leafl cffervefcence. 

It aifo does not yield the leaf! appearance of carbonic acid 
on evpofing it to the lire in doled veffels furnilhed with I}- 
phons, whic h communicate with limcv^aler. 

This earth, like that of Briuditferc), does not contain the 
ieafl trac'C (jf alumine or of oxide of iron. 

It contains, liinilarly to that of BaudilTero, a little fulphate Confiftt of th« 
of lime airl muriate of niugiiefia, wliich may be feparaled by 
iixiviation in wafer. 

The remainder confills entirely ol magnefia and lile;c; but But contains 
the proportion vi' this lull is greater in it llian in that of Bau- ^***^*' 
dilTero. It may be computed at from 10 to 20 hundredth 
parts. 

When (his earth is kept in contact with the air its external Changes its ap- 
, - , pearance on cx- 

charaaers change. ^ pofu„ 

Its colour becomes by degrees a dull while, the fame as has air, 
been remarked of the earth ol Baudiflero. ® whke; 

Its femi-lranfparence is loti; its particles feparatc, and in Lofes .tsfemi- 
Iwo or three weeks it is found to have abforbed carbonic acid 

that degree as to make as marked an effervcfcence with the home acid, fo as 

acid effervefe w*tli 
acids, aud be* 
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Mrth*of*^B acid as the eailhof BaudiiTero. In a word, it is completely 

fcio, with fame as this laft, will) this foie difference, that phyfic'ally 

Inuli difference confidcred it is Icfs compafl. and becomes even friable, ^tfd 

chemically confidered it contains a little more filex. 

It appears then to be well proved that the earth efi Bau- 

dlffero and that of Caffellamonte are each a true native mag- 

ncfiai mixed with a litlle filex. In the earth of Caffeilamonte 

it is fufRcicnlly demonffrated that it contains no carbonic acid 

when in the bofum of the earth; and that it only contains it 

wheOt after a long expofure to contact with the air, it can 

nbforb it from the atniofphcTe. That of Baudiffero amlains 

in (ruth carbonic acid, but the quantity is much infe^or to that 

which it ought neccfTarily to contain to he confidered a carbo- 

b«*carbonatc^of magncfia ; htfi^es the earth of Baaditfero having been 

xnagnelia. worked (or a hmg lime, and being thus In contact with the air, 

* it is from tlie atmiffpliere it muff have drawn it, and tiiat in 

If dugfrom a pioportion to tlic lime if ii<is been expolcd ; nl icaff I have no 

fufficitnt depth doubt that if tiio earth nl’ Iviudifli'M) was dug up trom u ccr- 
Would probubly , ► , ' , . . , » i , . . ” • 

contain no car- depth, no carbonic at id would be lound in it. 

bonic acid. I will conclude this ad^liiion to tlie memoir, by oMerving 

Uttc^'prob^bw' that the earth (d Mufinct at C'.ifcletle, I>eing produced by the 

snagnefian a!fo, dccompofiti(jn of the fame C'orncen flone or Caeholong, ouglit 

alfo probablv to be a magncfi.ui earlli; Lul 1 have nut yet 

made any experiments cn ihi-earth ; D(»cdor Bonvoifin, wlio 

has given the analyfis of it in its ffate of Cacholong and Hy- 

The author pro^ drophane flone, propofes in conjunction with me to repeal the 

pofes CO analyfe analyfis of this ffone, in the true ffate above-mentioned, and 

HydropSw”** in its earthy ftate; which lhall be the fubjeft of a particular 

memoir. * 

The laft ufe which Mr. Giobert mentions for magnefian earth 
is of the moff confequcncc of the two, for as fulphatc of magncfia 
iS only ufed in medicine, the lah* could not be fufHciently extenlive 
to produce much profit on a large fcalo. 

The life of this earth for pottery is the more defervingof notice, 
as it has hitherto been fiippofed that argil was alone proper for this 
purpole 5 and though it was long known that magncfia is of a very 
refraflory nipurc in the fire, Mr. Giobei^ feems to be the Hrlt who 
thought of ufing it in crucibles] which is the more extraordinary, 
as the lapis olltzris, which derives its name from its property of ferv- 
^ing to make utcnfils to bear the hre, is well known) to contain a 
large proportion of niagneiia« 

5 As 


and write a nie- 

4 

snotr of the re- 
full* 
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VI. 

Commumcaiion on an artificial Tun prepared jfron Coal, 

W ood, re^nous Subjlance.t, Abridged from the 

Original of Chakles Hatchett, Efq.f.ILS.* 

HATCHETT firft notice'?, tliat the natural tannin FIrft dlfcovery 
was firft exlrafled from the mat*cis v\hicli contain it» . 

Mr. Deyeux, who confidercd it as a Inecies ot refin; thatDeyeux. 

Mr, S^uin firft difcovered it to be the fubflance which 

ill the procefs of tanning renders animal ikins infoluble in 

water, ani imputrefcible; but that Mr. Chenevix alone had 

noticed the efted of heat in giving coffee berries the power 

in decoflion of piccipiiating gelalen. He then ftates, thatRefuU of ex* 

his experiments on lac, ai^ forae of the refins having ftiewed 

liim the powerful afljon of nitric acid on fuch fubfiances, in-induced otherc 

duced him to try its effe^ on alphaltuin and jet; ihefc 

it formed a dark brown lolution, and a precipitate, which by nitric acid. 

digeftion in another portion of the acid became diftblved, 

an<l on evaporation produced a yellow vifeid fubflance foluble 

in water and alcohol, and perfedtiy fimilar to that obtained 

by funilar means from the rclins, excepting that when burned 

it had (he colour of the fat oils. This refult led to the fuppofi- 

Lion, that the dark brown lolution was of the carbonaceous 

As native mngnefian earth would doubtlefs be of great ufe to the 
poUcries of this country, it is a pleafing confideration, that it is 
extremely probable it may be found in England, as well at on the 
Continent; for not only fieatites and other magnefian ffones have 
already been difcovered here, but that fait, which it is M. Giobert^t 
principal object to manufacture, is tlic natural produce of this 
country, and therefore the neighbourhood of Epfom, which gives 
it its name, may well be fufpefled of containing beds of an earth 
fimilar to that of Baudilfero. 

There is ilfo (bme reafon to fuppofe, that this earth may be one 
of thoie ingreoients in china-ware, which the Chinefe endeavour 
to keep fecret; indeed it is hardly probable they fhould he ignorant 
of its ufe, in a country, where the fiiieft ear them-ware has been 
inanufa^ured in the greateft perfeftion, fiom periods antecedent 
to the dates of the authenticated hiffory of Europe, and where of 
courle experiments relative to the compofition of this article, muff 
have been varied to the greateft extent.—S* 

* Philoft Tranf* lbD3. 
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Pit-6oaI treated 
ia the fame 
manner. 


malfer, and that the yellow precipitate was the efle(||al part 
of ihe bituixien.s which was conhrmed by refults from amber: 
feveral experiments were tried with various forts of pit^c^^ 
from all which the brown fulution was obtained in abundance, 
but thofe which conUined little or no bitumen did nqf yield 
the yellow precipitate. 


Procefs with ihe CoaL 


100 grains of coal, in each experiment, were diverted in 
an open matrafs in a fand heat, with an ounce of nitric acid 
(of the fp. gravity of I.-IO) diluted with two ounces 
W'hich when w'arm produced efrervefcencc, and /iifeharged 
itiiich gas; after two days, a I’econd, and foraetimes a third 
ounce of the acid was added, and the digeflion continued for 
five or fix days, wlien nearly the whole was dilTolved, except 
the precipitate winch was conflantb feparated. 
sad charcoal. Charcoal was next tried, which diflblved more readily than 

tlie pit coal, and left no refiduum. 

The feveral folutions from afphaltum, jet, pit coal, and 
charcoal, were evaporated to dr}ners gradually to prevent 
burning the refidue, which from all were ol a glofly brown 
fubflance, of a relinous fraciuic, and had the following 
properties. 


Fropertics of the 
retidua of thefe 
folutions* 


1. They were fpeedily difToIved by cold water, or alcohol. 

2 . Their flavour wasaftringent. 

3. Expofed to heat, they fwelled much, and gave a bulky 


coal. 


4. Their folutions in water reddened litmus paper. 

5. And gave copioufly precipitates from muriate of tin, 
acetite of lead- oxy-fulphate of iron, of a brown colour, 

except the tin, which was dark grey. 

6. They precipated gold in liie metallic flale from its 


folulion. 

7. They alfo precipitated the nitrates of lime, and of 
barytes, and utlicr earthy falls. 

8. The fixed alkalis, and ammonia added at firli, deepened 
their colour, and afterwards made them turbid. 

9. They taufed precipitates from glue or ifinglafs folutions 
in water, more or lefs brown according to their flrengtb, 
which were foluble in cold and boiling water, fo that in their 

eflenliat 
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cflbntlal propcrlles they proved fimilar to Ihofe formed by the 
i(^rietie& of tannin hitherto known, except that they contained 
roSgallic acid or mucilage. 

Animal coal from ifinglafs was alfo tried in the fame nianneri Refidnumof 
this dn^olved very flowly, but left a little of (lie coal 
changed, its foluticn was of a deeper colour, and managed as quaiiiies, nwly, 
the others cletcribcd, produced fimilar efft-fts with the re¬ 
agents, except fome difference in the colour of the precipi¬ 
tates; and alfo gave an infoiubfe precipitate from tlie folu- 
tion of ifinglafs; by which the curious fiifl is proved, that 
one portion of the tkin of an animal may be made to convert 
another int^ leather. 

Coak gave a lohition refembUng that of pit coal, but did and of coik alib. 
not produce the fame yellow precipitate. 

Thefe experiments thew, tiuit the tanning fubflance is heft Tanmngfub- 
procured from carbonaceous mailer when it is uncombined cured from cvl 
with any fubfiaiicc; but oxigen; which was confirmed by 
experinif-nls on Hovey coal, Suffex coal, Surtuiband fr^'tn 
Iceland, and deal fiivv-dufi, which being dillolvcd in nitric 
ar*id, and evaporated, tlic retiducs diffolved in water, neither 
precipitated gelaten, or flicwed aisv <*lher figns of tanning 
matter; but when llic fame materials are charred, and 
treated as before defjribed, they copioutly produt'(‘d the 
urtificial tan ; as did alfo teak wood, which Mr. Hatchett had 
jjroved to contain neither tannin or gallic at id in its un¬ 
charred fiale. 


Mr. IJalcliett had made fevcral experiments on the flow Carbonization of 
carbonization of vegetable matters in (lie humid w^ay, princi- by^fuTphuric*^^**^ 
pally by fulphuric acid, occafionally diluted. ConccMUrated acid, 
fulphuric acid poured on any rclinous i'ubftance reduced to 
pow'der, diffolvcs it in a tew minutes; the fbiution is tranf* 
parent, of a >elIow brown colour, and a vili id oil-like con- 
liftence, but alter being placed on the fund bath, grow? daiker, 
evolves fulphuric acid gas, and at laft becomes a thick liquid 


of an intenfe bVick. 

Sulphuric acid of the above flrcnglh poured on common Effefts of folu- 
turpentine diffolves it readily, if a portion of tlie folulion >!* JInc in fulphuric 
then dropped into cold water, a precipitate of comrabn yellow acid dropped into 
rclin is formed ; if after another hour or two, another portion 
is treated in the fame way, the reiin produced is of a dark 
brown, and that thus formed from a folulion that has flood 

five 
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Prod<iA:> of this 
operation dif- 
folved in nitric 
acid* 


Their refiduca 
after cvai'ora* 
tinn .'re tried 
wth gcUceny 

fde^spi'CKluced* 


Tan fornseJ by 
alcohol* 


^uppofitton re¬ 
lative to tan 
from pcat« 


live or lix hours, is complclcly black. When the digeftion h 
i'untinued ftir (everal days, until no more gas is given ouU 
the refm will be converted into a black porous toal, wh>6li 
does not contain any refln, if the experiment has been pro¬ 
perly condu6ied. This coal was about 43 per cent 4i{ the 
relin ufed, and after being expofod in a platina crucible loofely 
covered to a red heat, (lil! amounted to 30 per centt and by 
the {lownefs of its combuftion, and other circumftances, ap¬ 
proached nearly the charafler of fume mineral coals. 

A portion of the coal, the black refin, brown refm, and 
yellow refin obtained from the turpentine deferibed, and alfo 
fume of the turpentine itfelf, were each (lifTolve#? in nitric 
acid, and reduceil to drynefs; the refidua, wliich varied in 
colour from yellow to dark brown, according to the fub/lance 
employed, were dilfolved in water, and examined with 
itlnglafs and other reagents, 

Tiie folution from liic turpentine refidunm, that of tlie 
yellow rcfin, and the brown refin, did not precipitate 
gelaten. 

That from llie black relin yieldctl a confiderable porlion of 
the tanning fubtlancc, and that from the coal atlorded it in 
great abundance. Hence it appears, that Ihefe ftibftances 
yielded artificial tan only in proportion to their convertion 
into carbon. 

Various kinds of wood, copal, amber and wax, reduced 
to coal by fulphuric acid, yielded iimilar products on being 
treated with nitric acid. 

Mr. Hatciiett formed the artificial tan from (he rcfins, and 
gum refills (fuch as common refin, etemi, afTafastida, S:c,) 
when reduced to the flate of coal from long digeflton with 
fulphuric acid, by means of alcohol, without ufing any nitric 
acid: In the carbonized ftatc mentioned, they are digefted 
in the alcohol, a portion is diilblved, a dark browm folution 
is formed, which by evaporation yields a mafs foluble in 
water as well as in alcohol, and which precipitates gelaten, 
acetitc of lead, and muriate of tin, but produces only a Hight 
cffefl on oxy-fulphate of iron. 

The author fuppofes, that the tanning matter known to be 
evolved by peat in certain places, is effe£led by a procefs in 
fomc refpedls fimilar to the above, finceif it was produced by 
its mere digeilion in water, all peat would afibrd it^ which is 
contrary to experience. 


Mr. 
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Mr. H,alchett put his difcovcry to the teft of real praQice, Leather nuSe 
ll|ivin^ aflually converted Jkins into leather the to 

prt'yired as delcribed, but obferves, that the prodaflion of 
fh '! Jubfta.ici', tor the prefent, muft be confidered only a 
curiou^ciieruical fafl, not altogether unimportant, and not 
capable ot ect'nciintcal application, though he hopes, that of Its 
heieafu-r a prfH»^rs may be dilcovered ior preparing thi-'' 
fpecic^ of tan luflicientiy cheap to enable tanners to ufe it 
in their buhnels. 

There reafon to fuppofe, that it would be fuperior toReafonfor 
cornmow tan for thi'^ pnr[)ore, as it appears from experiments Jt 

m<rMi,;;iied Mr, Hatchett’s (econd papex on (lie fame fubjefl 
(whiel* wiii be given in the next number) that Inlulions of 
thi; art:fi'’ial tanning fubtiance feem to be completely impu- 
tre'.cible, neither do they ever become mouldy like the iniu- 
fions of galls, funiaci), catechu, &c/'* 


VIL 


il/ivwn/r f)rt (he D/fcoreiy of a FaHitious Puzzolanuf prefented 
to the French Nationai Jnfiitittei M, Dooun, Engineer in 
Chief rf Bridgei and IJighnaj/s in i*iance 't*< 


nr 


-i-HE (lepofited duft of ancient volcanic fubftances, has been Faftltious paz- 
long uiiM in h landers, and the adjacent countries, as a 
/iitute for the Italian puzzolana, under the name of trnfs^ or * 


ajhcs of Tournai, 

M, Faujas has proved by deciCve experiments, made by that of Fauja-j, 
order of government, that certain liitulent eruptions of 
ancient volcanoes at \ ivarais^ had the fame qualities as the 


The peculiar tanning picjnityof the water of certain peat 
bogs and moraires, may be cthcrwil’t* accounted for, than by Mr. 
Hatchett’s Aippoftion, by the fa 5 ^, that peat is not uniformly the 
produflion of the fame vegetable fiibftances ; v^hfrever heath, 
tormentil, and perhaps feme other plants, are found in abundance, 
the peat water will have this quality 5 in the cafe of heath, at leaft, 
it cannot be doubted; and perhaps the peat which does not yield 
tan may owe this deHciency to the total ablcnce of vegetables of 
this fpecics.—B. 

i* Journalde Fhjtfi^ne^ Tom* til* 

puzzulana 



pactitious puzzaloka. 
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til at of Ml 
Btgge. 


Ml Dodun dif- 
covered his by 
chince. 


puzzolana of Italy^ and might be ufed inftead of it.. M. Baggc, 
a Swedci isalfo known to have compofed an artificial puzj^. 
lana cement, with a black, hard, and flatey fchift; but dlntil 
1787, no one ever thought that the territory of France con¬ 
tained in abundance non-volcanic fubfianccs capable (n taking 
place of the Italian puzzolana with economy and advantage. 

The difeovery which I here prefent has, like many others 
of great utility, been the effefl of chance. 

The habit of examining the nature of flone in its bed, which 
enables the obferver to judge of its qualities at firft figlit, fixed 
Saw great beds my attention on an immenfe quantity of calciform fragments 
of terngunoiis j- eight to ten feef IhickneA, 

naudery, following cxaQIy the parallelifin of the flightly inclined clc- 

Obferved burnt clivities, in the neighbourhood of Caftlenaudery. I per- 

ificwTl^rcom*^ adjacent fields many fubfiances of the fame 

paft lava, nature fcattered over the furface of the earth, of violet, 

brown, and black colours, which from (heir appearance, had 
a perfeft refemblance to compact Java, which feemed ex¬ 
traordinary in a country where there was no appearanco of 
ancient craters, or of volcanic eruption*!. Thcfe 1 loon found 
out had been brought to lliis flate by fcrving as licartli*!, or 
enclofures to the fires kindifd in the fif^Ids by the peafanls, 
either for agricultural purpofe^ or pcrfonal convenience when 
they watch their fiocks in winter; as I faw foon alter many 
fimiiar arranged by hand on one another for thefe purpofes. 
whith fimilaritv The findlarity of tliefc fragments to volcanic produfts 

made himthink t-xcilcd my defire to form a cement from them, by treating 
thrm fit for . . / . i., ° 

paxzoUna. them in the fame manner as puzzolana earth. The great 

quantity of iron wliich thefe oxides feemed to me to contain, 

the abundance of their filiceous particles, and the alumen 

which evidently entered into their com poll lion, their great 

weight, and their non-effcrvefccnce with acids, altogether 

made me prerume, that the cement formed from them would 

bind under water, and my expedlation was not deceived. 

ConviDced by Fifteen months fuccefiive experiments, to difeover the 

long experiments proportion of lime wdiich this oxide would abforb to harden 

to the water, without cracking when in the air, have convinced 

me, that cny faflitious puzzolana had all the good properties 

Fmpofedfor ufc of that of Italy, without its faults. At this time 1 determin- 

ed to propofe its ufe in the public works, and demanded that 

comparative experiments fliould be made between it and 

the 
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lie Italian puzzolana, in prefence of the Commiflaries of the and tutd ceh* 

Pfovfnce of Languedoc, and of the Direftors of the canal thrCom^LtoM 
whi^ joins the two Teas. Great bhx^ks of compofi- otXangucdoc. 
tion made with both cements, w^cre thrown into the refervoirs ibe rctei-voir 
anjacent^to the lock of Saint Roch, at Caflelmandery, being St. Roch. • 
firft plaiflercd over with the refpective compofitions 

Six luonths after, the water was drawn olF from the bodies Its fupenority 
of mafonry, and it was then feen that the faflilious puzza- 
Iona had ac(|iiire<l a folidity at leaft equal to that of Italy. 

J he plaiftt'r made with the Italian puzzalona w'as cracked 
and chapped, but that formed from the ladliltous kind had 
entirely pre^rved the unity of its furfacc. 

The dates of Ktats ol Languedoc altogether convinced of Tcftlmony In iti 
tli('auihenticity of lliis difcovery, by tlie r;;(uUs oi the com- 
parative trials.ol both kinds ol cement which they had feen, guedoc. 
and by tile certificates ot‘ their fommillaries, and perfuaded 
of the great advantage it would be to France, decreed in 
l7Sy, in their iaft mcetin;^, that the faeiitioii': piizzolana 
tiiould not only be ufcvl inlicad <*f tlic Italiau in the works 
under their direction; but moreover, that it fluuild be 
demanded in favour of tlie autljor of it, as a tcftiinony of 
public gralilude, that government lliould autl.orizc the lice 
c irculation of it every vshcre. 

Tiie great eonluniot.ion of tliis faditioiis puzzolana obliged work# 

or f o bcgdii. 

me to extend its inamiladture, 1 formed a ]mrfnerfbip widi 
the proprietor t.f the ground. The foundation ol an eflablifli- 
ment on a great feale was laid al tlic mountain itlelf wliere 
liie materials were found. I’he works carried on in its 
vicinity were likely to larthcr reduce the cofl ol the article, 
which was already one hall Ids than that ol Italy, , and 
the public were about to enjoy the advantages of this manu- 
iadure, w'hen the revolution pnrulyfed every thing. Stopped by the 

In 1791 I infornipiJ Ibe toiiftiliicnl afll'nibly of lijis The^Svery 
cover^; (lie ccrliticiites wliioli proved it) and the rclults of declared to the 
(he experimen!.. 1 ere deprfitcd al the office; the matter wasre¬ 
ordered It) be examined by M M. Pelletier and IJer'hoIlet, ^ 
and the aflbmbl;) confiduring, that this faflitiniis puzzolana 
might be of tlie grcaleft ufe to France, decreed that 2000 
Irancs ftiould be granted to its author, which was paid ac- 
cwdingly. 

On 
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On this occafion the celebrated Mirabeaii declared the 
difeovery to be fo valuable, ** that if it had not j/et been made, 
public encouraj^anent fliould be held out to excite it.** ^ 

The Conftituent Alterably willied to have nuracrous^fimilar 
efiablifliments fet on foot in France, fo well were fliey con- 
The trtfuWcs^of vinced of its national importance; but the misfortunes of the 

thenunufadure^*”^®^ prevented the execution of a projedl, which ihe grand 
ofChief of the empire may eafily realize, to the advantage of 

the country, whenever it feeins good to him to do fo. 

Refearches on the amelioration of our cements, jyul parti¬ 
cularly on the nature of the materials proper to form artiticial 
puzzolana, led me to try the calcination of vd^ioiis fchifts, 
of the hilumonous, ferruginous, and argillaceous forts. 
Eiwminttlon of The black flatey fchift of JVl. liraggc, fo common in France, 

* was not forgotten: It is almoff llic fame as that which the 
elder M. Graliiieu elTayed at Cherbourg lad year; but I have 
Cont^ too little conflantly found that thefe fchlfts always contain too little 

iron* I perceived that their repultion of the water was flow 
and feeble, and that their folidification in the water was owing 
to the good cpialily of the lime. 

I was thus obliged to recur to my quartzofe oxides of iron, 
from tlieir containing a greater quantity of ferruginous prin- 
PuzzoUnas oweciples; and can aver with (he tkilful Faujas, that the puzzo- 
thriron^con- lauas oive their property of hardening in water folely to the 
uined. ferruginous particles which they contain: of this I have had 

many proofs. I'hi^ truth is farther demonflrated in the pud- 
ding-floncs, the brefeias, and generally in ail the amygdaloides 
with a ferruginous bafe or cement. 

The theory of our cements is but little advanced; perhaps 
we take Ample eonjeclures for proofs relative to them. We 
effcdl the regeneration of Alex, and of the carbonate of lime; 
we know the acid gafes w'hidi perform the principal part in 
the af&ir: but in (his importaoi wo k we have been long ig* 
ijOrant of the degrees of their reciprocal afiinity, their quan¬ 
tity, and the mode of their refpcdlive combinations. Our 
knowledge on this matter is confined to a few fa6ls. 

Two different Many (jxperiments have proved to me that the puzzolana, 

Ibonefi forms a bpdy in the water, is not At to be em¬ 
ployed in the open air, where it cracks and chaps in all di- 
reflions. And that which is proper for the air, and which ac¬ 
quires. 


Theory of ce¬ 
ments little ad¬ 
vanced. 
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quires and preferves its tenacity in it, fets but imperfrdlly in 
water. Tliis difficulty, of which the Inftitute will perceive 
tlie^aufe, has obliged me (o keep two forts of the faflilious 
piizzq|ana; on the reciprocal ufe of which a memoir of in- 
ilruftioa will accompany the fa!e. The two forts may be 
diiiinguiffied by their colour. 

The (adlitious puzzolana proper for w'orks under water, is One fit for 
of a reclclini-brown. That w'hich is fit for works expofed to 
tlip air, is a dark violet. The latter is ufed for terraces, the Another foreic- 
oinbankmenls of bafons, for the com pofi I ion of inclofures, or 
lor liglfl roofs. Bridges of a tingle arch may be formed with teirace?, roofs^ 
it; and I Iiavc feen it adhere fo ftruiigly to glazed tiles, that 
it was necedfary to break the tiles to detacli it. 

The puzzolana proper for conflruclions beneath the water, Water puiroU- 
forms the moll iolid body in it. Three months after immer- 

ca,)ablc ot ii pu- 

lion it IS an acliial fionc capable of receiving a pulifii. The liili. 
lime in it is always regenerated into caibonatc of lime in ten 
weeks. 

Vv'hcn it may be thought by any one that Ik* has been cle- Nullify of effect 
reived as to the certainty of theic effeds, it vsi!I always be 
found, that he either has not obferved the quantiiics direded operator, 
of the puzzT;iIana and the lime, or that he has ufed the reverie 
of that kind of the cement proper for the work. 

1 commonly ufed lime in the ftatc of impalpable powder, Lime ufed in 
flacked in Lafaye’s manner, for works expofed to the gir. '^a 

and employed lime in tlic flateof for works which were in ra^ty, 
to be covered with water. Sometimes 1 iilcd lime in powder 
for the fame work. This difference depends on the degree of 
goodnefs of the lime, on its greater or iefler riclmefs, or it'; 
proportional poverty. Cuftoin gives the advantage of know¬ 
ing the ditferent kinds on mere infpedion. 

The ufe of lime in powder appeared to me to merit a pre¬ 
ference in the proparalion of mortars or cements, I prepared 
my faditioua puzzolana in a certain quantity as foon as I knew 
the proper proportion of the lime; and I had thus the ad- Advantages of 
vantage of being able to work it in troughs in the fame feruj^^rcady"'**^ 
ner as fulphate of lime. The whole was well mixc{I together mixed, 
and put into facks; by which means the raafons had nothing 
to do with the mixture of the articles (which is too often left 
to unprincipicvi workmen)^ and being ilius mafter ot the re- 

fpe^live 
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• fpeftivc proportions of ll)e piizzolana and the lime, I coaid 

alwa) s be allured of the folidity of my cements. 

Exterior charac- There remains (or njc to deferibe the exterior charade^ of 

quarlziferous lerruginous oxides, which form the bf (is ot 
* niy iaflitiuus puzzulana, and to relate the analyfis of them 

which I made about 18 years ago. I will content myfelf with 
otfering (lie comparative rcfults with tlie Italian puzzolana, 
both in the dry way and the moift. 


Exterior Chara^ers of the qmi'ttiferous Oxides of Iron. 

Their colour is of a reddiQi-brown before calcinatmn, or 

» ^ 

Slight cdci- flightly violet. A liglil torrilication gives them a clearer red tint 
aatton changes j • i . • r % i » 

them from brown • one more intenfe renders them or a deep 

to red. brown or of a violet-brown inclining to a black. The degree 

•5iSgcl^em calcination for ufc is confined to ihofe two dates. 

a deep brown. Urged at a longer continued heat, the colour becomes a 

heaficndcrs**^** deep black, then the fubftance becomes porous, entirely fimi- 
them black and lar to certain lavas of our modern or ancient volcanos, with 
porous like lava, vihich it is then difTicult not to confound them. 


Their fraAure 
grained and 
earthy, and they 
contain quartz 
cryftals. 

Needles uf 
ichorl, amphl- 
Mle, and tour¬ 
malines. 

Their fmcll ar¬ 
gillaceous. 

Give no iparks. 


Do not effer- 
, vefee. 

Are adedted by 
the magnet, 

Weight of a 
cubic foot* 


Their fracture is grained and a little earthy, and fmall cryf- 
tals of quartz may be didinguifned in them by the naked eye, 
and almod alwa^if angular fragments of gray or milky quartz; 
a powerful mugoifying lens cauf;.'S in foine fragments the dif- 
covery of needios oi (chorl, the amphibole of ilauy, and fomc 
fmall tournialiiiLs', 

Their fincU is (irongly arg|$|it^ous on breathing on tlicm 
with the mouth. 

There is no dre produced by the ufc of the deel, when it 
does irpi^rike a quartoie particle, 

Th^lf^o not ctfervefee with acids cithe^cold or hot. 

The magnet afls a little on thefe oxides before calcinatioa, 
and ftrongly, or perceptibly, after it. 

The medium weight of a cubic foot is 125^; that of the 
Italian puzzolana is but 9i^« 


^ Amlyfis iy the 7noiJl Way. 

Analyds In the I fliuH not weary the alTembly by a cietail of the manipula* 

relalis^e (o the folvents and re-agents which art ufes for 
* the decompodtion of bodies, and fhall only fay, that filex, 
iron, alumcn, and a fmall portion of mangauefe, are the con- 
ilitoent parts of th^fe oxides. 


I repeated 
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1 repealed thefe experiments many times, and had for A 
medium refult from an hundred pounds, chemical weight. 


50 

parts of 

filex; 

31 

-of 

iron; 

ib' 

-of 

alumen ; 

3 

-of 

manganefe, and lofs. 

100 




If this anal)lis be compared witli lliat of the 
Haly, which contains in 100 parts— 

50 of ; 

of alumen ; 
i (> of Iron ; 

3 of lime; 

C of lofs; 

100 

their refpeflive properties be appreciated according to 

the proportions of their integrant parts. 

Tlie excels of alumen eaufes the plalflcrs made from the Excefi of aiu- 
Italian puzzolana lo crack and chap in the open air: 
fault arifes (rom their great oxidation. 1 have been able tocraclc, 
replace in them tliofc piinciples which they loft by clecom- 
pofiiion. 


puzzolana 

* puzzolana. 


Anali^flti in the dr^ frat/. 

I endeavoured to obtain a rcgulus from tlicfe oxides of iron Aiulyti. \n the 
by ufing a violent heat. 1 followed the proccl’s of Kirwan K^rwau^pw-^ 
for the fufion of filiceous and argillaceous ores of iron; yet I cefej 
never obtained a fingle metallic button; and onI\ found at the afforded uo 
bottom of the crucible a vitrified ma(s of an opaque black, 
a fcoria in the ftate of crude caft iron* 

Defirous to know if I could procure a malleable button The blowpipe 
by ufing the blowpipe, taking borax for the flux and fupporU 
ing the oxide on charcoal; I filll could only obtain a fpongy 
ingot rcfembling crude caft iron, and breaking both when hot 
and when cold, • 

Being placed on a fupport of glafs (according to my method The oxide fufed 
publifiied in the Journal de Phyfique, Tome XXXI. pages 
111) and 139), the oxide fufed at the fecond attempt, the fup- 
Voi.. XIIi-^SupPLEMENT. Z port 
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General refult* 


The oxide may 
be ufed as a pig 
mcnc. 
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port was coloured green, and fniall grains of iron were leen 
to pafs fird of a dark-green colour, then of a bright green, and 
afterwards to difappear in evaporating. There remained on 
the globule only a flight tinge of blackifli-green, / 

The rcfult of all thefe fa£ls feems to be, that this fxide is 
entirely deprived of its metallic principle, and that#its fuper- 
oxigenation renders it reducible and refraSory. 

The arts may draw Tome advantage from thefe oxides, by 
uCng them in pigments for buildings. I fucceeded after many 
wafhings, in extracting from them a beautiful brown-red 
colour equal to that of commerce, and applied it to ufe fuc- 
cefsrully.* 

* This paper has been abridged in its introduction* in the detail' 
relative to negodalions with the Conftituent AlTembly, and in fomc 
other points a little irrelevant to the puzzolana; but all matters 
dIrcClly tending to illuilrate its nature and properties have been 
carefully copied. 

M. Dodun's difeovery may he of fomc ufe to this country, us 
there are in many parts of it large mafles of iron-ftone, and fomc 
is found in the vicinity of moft coal-mines. 

It has been long known that iron ochres have the fame property 
of forming piizzolana with lime, when properly roafted, and thiu 
circumflnncc is mentioned at large in Chaptafs Chemiftry. A pa¬ 
tent has alio been obtained in this country for the application of 
iron pyrites to the lame purpofe, the right to which was purchafed 
long ago by Mr. Samuel Wyat. But the novelty of M. Dodun's 
diJeovery is, that poor iron-ftone iz equally fit for this ufe, as thr 
other fubftinccs mentioned, which is of the more importance as 
it is very plentiful, and may often be procured in lituations wheic 
the others cannot. 

It may not be amifs to mention here, that bafalt treated in the 
fame manner, has the fame property as the puzzolana ; the whin- 
ftone, of which the ovoidal paving-ftones confift moftly, is of this 
kind; and it is found in great abundance in thefe countries, in 
different forms.— 


Experimenti 
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i^xperiments aiid Ohfcrvatimis upon the ConiraSlIon of Water by 
Il^fU loxoTetnpvraiuTCs, 7)y Thomas Charles Hope, 
il/. D.^b\ IL S\ Ed, Profeffur of Chemijiry in the Univerfity 
of Edinburgh. Erom the Lditiburgh rhilofophical TranfaEtiom, 
for J bO K 


nn 


lo (he general law, that bodies are expanded by heat, and lixpanfion of 
contraded by cold, water at the point of congelation, and 
for fonie^degrees ol lempcralure above it, it feems to aflbrd a f«c*ing point* 
very iingulai^and curious c:\ccplion. 

The circumfiances ot this ren^arkablc anomaly have been for 
ionic time believed to be the following : 

When heat is applied lo water ice cold, or at a temperature General or ufual 

not far diflant, it caufes a diminution in the bulk of the fluid, of 

m ■ . fa«s. 

The water contrafls, and l ontinucs to contrail, with (he aug* Ice-cold water 

mentation of leniperaliirc, till it reaches (lie 40lh or 41ft de-bym- 

1 • \ • r creafe of temp, 

gree. Between this point and (he '112d or 43d, it rufters to ab^ut 44 '", 

(carccly any perceptible cliaiiffe ; but when heated beyond the 

lau-mentioned degree, it lH*gins lo expand, and mcrealcs m 

volume with every i'ubrecjLicnt rife of temperature. 

During tiic abftrn^ion of caloric, the peculiarity in the con« and fuflTers the 
ftiiulion of water etjuaily appears. Warm water, as it cools, 
fluinks, as other boilics do, till it arrives at the temperature of ^ 

43^ or 4*2®. It then fufl'ers a lofs of two degrees without any 
alteration of denlity. But when farther cooled, it begins to di¬ 
late, and continues to dilate, as the tiunperature falls, till con¬ 
gelation atStiially commences, whether this occurs as foon as the 
water reaches the 32®, or after it has defeended any number of 
degrees below it. 

Suppoiing this peculiarity of water to be eftabliflied, it mufi This fapp^fisd 
appear, indeed, a very odd cirgumftance, that heat thould pro- 
duce contra^ion in this fluid, w'hlle it caufes expanfion in other 
bodies *; and nw lefs ftrango, that within one range of tempera- 


♦ Is this mode of change peculiar to water ?—I do not know of 
any experiments with other fluids, except that mentioned on page 
343. Perhaps it may be common to all, or at leaft to all thofe 
which expand by congelation. Dccifive trials of this point are the 
more deilrablc, becaufe fomc of Count Rumford’s general indue* 
tiont requireor fuppofc that feawater fhauld not be thus affefted.— 

Z 2 tuf« 
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been hithfrto 
‘ deduced from 
experiments in 
narrow necked 
vends, 


of which the ca- 
pacitifes aifo vary 
by change of 
temperature* 


The author 
Aows the eilc^ 
by otlwr means. 


Previous hlrtory. 


Dr. Crounr hrft 
obferved Ituit 
water opj '•a; i to 
expand be tore it 
fr?. JC5. 


HI : narrative. 
The experiment 
/hewed that 
water rofe in a 
long necked 
veffc) by cool- 
mg: 


fare it fliould conlrafl, and in another expand, the very fame 
(ubitance. Before a deviation from fo general a law (hould be 
received as matter of I'acl, the proofs of its exigence ought lote 
clear and indifpniable. ^ 

The experiments Iwtiicrto publifliccJ, from which thisiingula- 
ri(y has been deduced, have all of them been performed upon 
water contained in inftrurnents lhaped like a thermometer glar>, 
and coniifting of a ball with a tlcnder Item ; and the expanfive 
or contractive cll'efls oi heat and cold have been inferred, from 
the afeeut or dclccnt of the fluid in the flera. 

To (ucli experiments it has been objected, that the dimenfions 
and capacity of the inftrument undergo fo much chaftge, from 
variation of Icmpeiatiirc, that it is diflicult, it ivft impoffible, 
to determine liow niuclj of tlie apparent anomaly ought to be 
imputed to Inch clKin::;c^, and that it is not improbable that the 
wIjoIc of it may be alcribcd to them. 

The objedl of tins paper, wliich I have now the honou: 
to read to the focictv, is to prove by a fel of experiments, 
conduced in a manner ullogelher dillVrcnt, that the common 
Opinion is founded in truth, and tliat water prcfenls ilfelf a: 
that Hrange and unaccountable anomaly which I havealreadv 
defcrlbed. 

It is worth while, before detailirg nn expciimcnts, to 
give a lliort aecouiu oi diuie obforv, lions whicli led to Uk- 
difcoverj of the ia^t, and wd:lch in lucceflion have extended 
oui knowledge ol it, as well as ol tliofe oblervalions which 
have at difrorent periods been offered to diferedit, and to bring 
it into doid)t. ^ 

'i'iie fird obfervailon relative to thi'. fubjefl was made by 
t)r- Crounc, towards the <dole of the 17 lh century, whik* 
engaged in Livefngating the phenomena of the great and 
forcible, ihougii iamiiiar, c\j anfron winch happens to water 
at tlic Jiiflant of freezing; a matter which occupied in a 
confiderabie degree, the attchfion of ins fellow'-niember'' 
of the Royal Society of London in the earlier years of that 
inflitution. 

1 fnall relate in his own words his firfl obfervation : *' I filled 
a fliong bolt-head about half-way up theftem with water, a day 
or two bcfiic the great froft went off*, marking the place where 
water fuunl; and placing it in the fnovv on my leads, 
while I went to put fume fait to the fnow, 1 found it above 

the 
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the mark fo foon, that I Ihonght tlic mark had flipt down, 
wliicli I preii'iitly raifed to the water, and as loon as ever I 
mixccithe fall with the fnow, the water rofe very fafl, about 
.onc-haTf inch above it. I tool: up then llic glafs, and found 
the water all fluid lliil : it was again let down in liie fait and 
(now; but when 1 came about an honr. af!er to view it, llie 
ball was broke, and the water turned to liard icc, both in the 
ball and flcm 

From this rxpcrimcnl Dr. froune d: V’ ihc conclufion, that Whence he m- 
water, wjien fubjccled to cold, aftiiall} begin lo expand 
it began to iVcezc. On announcing ir, liowcver, to llie Ro>al But Ui. Hooke 
Society, on l/fc f i.i of February Dr. Hooke immediately 

exprefied flrong doubts, and afeiibed the ufeent nt the water fd, 
in the neck of the vefTcl lo the flirinking ol l!ic glafs occatloned 
bv thf' cold. 

I'o obviate this obie^'^hm, aCvl to no'clude, as far as W'as pof- Dr. C. repeated 
lihle, the influeiKe of the diange of cmJ'.'k in the apparatus 
frotn an aitf.ation of its feinpeiaturc, a boii-head was immcried in a veflH pre- 
in a mixture of iah and (now, and into it. when cooled, vvusi 
pouu'd, lo a ceitain height, water ])rcvioufl) biought to 
near the tieezing [xani. The water began iniiantly to rife as 
belbre, and it luul alccncled about one-fourth of an inch 

■!. the Item, the veilel was taken out, the wdiole water remaining 
hind. 

Thefc expcilinenis, fui>poilcd by others ol a timilar nature, which gave fa* 

Vommuiiicaleil lu l)i. ^laie to tin* Society on the ^Olh of *** 

t!)e fame monih, appear to leave falidled its nicmlxTs, in go 
iieral. of thisrha, that water, when on the point ol congeal.ng, 
and while ftill fluid, is actually toniewhat dilated previous 
to the remarkable expantion which accompanies its conveifion 
mto ice. 

Or. Hooke, however, continued unflwkcn, and retained the but not to Di. 

• t rt- i Hooke, 

uoubts lie had exprelied. 

Remarkable as the fad, as now flated, mull have appeared, 
it leems not to Iiave excited particular attention, nor lo have fo- 
itcited more minute examination ; and indeed though phi- 
lolophers did not iofe figlit of it, jet for near a century no 
one inveftigated it more carefully, Mairan, in his treatife 
on ice in 174i)* and Du Creft in Iws dilfcrtation on thermo* 

Birch's lliflorj ofthi Royal Society^ Vol. iv. p. I’d3, 


meters 
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meters in J757, appear to be well Ware of this property 
Modern experi- of water^ but it is to M. Dc Luc that we owe the knowledge 

of the leading and more iiilerefling circumtlauces, [vi^ Rcm 

Having devoted his attention to the examination and im¬ 
provement of the thermometer, he was naturally led to the 
invelbgation, while /engaged in alccrtaining the phenomena 
of the expanfion and contrafiion of different fluids by heat 
and cold. 

He thcr- He employed in his experiments thermometer glaff^s; and 

andfound^*^^'**water, at or near the term of liquefaflion, de- 
water to defeend feended in the flem, and appeared to him to futhfr a diininu- 

4 i®^amftheii every incrcafe of temperature, till it arrived 

rife tillfr^eslngsat the 41fl degree. From (his point its volume increafed 

with its temperature, and it afeended in the tube. This fluid, 
when heated and allowed to coot. Teemed to him (o contrail 
in the ordinary way, till its temperature funk to the 41^^, but 
to expand and incrcafe in volume, as tj^temperature fell to 
the freezing point. ' 

ThedenfUy of water, he thence inferredj is at its maximum 
at 41®, and decreafes with equal certainty whether the tempera^ 
ture is elevated or deprefled. 

lb that its den- M« de Luc fays, indeed, (hat very nearly (he fame alteration 
« ^ 1 ® a^^cais* volume is occafloned in water of temperature 41®, by a varia- 
the faoic.*^ <ion of any given number of degrees of temperature, whether 

they be of increafe or of diminution; and confequently that 
the deniity of water at temperature 50, and at temperature 
32^1 is the fame. 

This philofophcr did not conceive that the conflitution of 
water, in relation (o caloric, undergoes a change at the tcmi 
perature of 41®, fuch that fliort of this degree caloric (bould 
occallon contrafiion, and beyond it expanfion. He imagined 
that heat in all temperatures tends to produce two but quite 
oppofite effe^s on this fluid^ the one expanfion, the other 
contraflion. 

In low temperatures, the contradive effeds furpafs the 
expanflveji and contradion is the confequence: In tempe¬ 
ratures beyond 41^, the expanfive predominate, and the 
vifible expanfion ig thQ Qxce(s of the expanfive operation over 
the contradivc. 

In 


His theoryi 
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III 1788, Sir Charles Blagden added the curious 
lions, that water, which by flow and undiflurbed refrigera-watermaybe 
lion permits its temperature to fall many degrees below its «<K>Icd «>ny de» 
^ freezmg point, perfeveresin expanding gradually as the 3 ™without , 
peratur& declines; and that water having fome muriate oftVeeiing, and 
tbda or fea-falt dilFoIved in it, begins to expand about ”"'* *^ *** 

tame number of degrees above its own term of congelation 
that the expaotion of pure water precedes it< freezing, that 
is, between eight and nine degrees. More lati ly, (Philofo- 
phical Tranfa^ions, 1801}, he, or rather Mr, fiilpin by his 
dirediion endeavoured to afeertain, by the balance and weigh¬ 
ing bottle, f^e amount of this change of denflty caufed by a 
few degrees of temperature. 

Every one mull be familiar with the ufe which Count R urn-Count Rum* 
ford has made of this peculiarity in the conflitution of water, 
in explaining many curious appearances that prefen^ed theni-dodtrjnc to the 
felves in his experiments upon the conducting power of fluids, of ns- 

and in accountiug for certain remarkable natural occurrences. 

The Count, with his ufual ingenuity, has endeavoured to point 
out the important purpofes which this peculiarity ferves in the 
economy of nature, and to aflign the final caufe of fo remark¬ 
able an exception from a general law. 

In recording the obfervaiions and opinions that have been 

, ® . . T • 1 j eifpcrimenu, 

publiflied concerning this point, 1 might now, in order, notice 

tbofe of Mr. Dalton of Manchefler. related in the fifth volume 

of the Manchtjlcr Memoirs, which tended to confirm and enlarge 

our knowledge of it. Bat as Mr. Dalton himfelf lias called in 

queflion the accuracy of the conclufion which had been drawn 

from his experiments, and from thofe oi preceding obfervers, I 

(ball only remark, that they are of tlic fame nature, and nearly 

to the fame purport, as thofe of M. de Ltic. 

It was in contequenceof a communication with which Mr, queftlons 
^ ^ . , .the truth of tnc' 

Dalton favoured me, three months ago, that my attention was c^,nclufions, 

directed to this fubjeCl. He informed me, that after a long 

train of experiments he was led to believe that he, and his 

predecetTors in the fame field of invefligation, had fallen Into 

a iniflake with regard to the contraSion of water^by heat, 

and its expanfion by cold, in confequence of overlooking or 

underrating the efTeCl which the change in the capacity of the 

thermometer-fliaped apparatus employed, mufl occafion onjhe 

JSfparent volume of the fluid. He dated, in general terms, 


that 
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that on fubje^iing water to different degrees of temperature^ 
in inflruments made of different materials, he found the point 
of greateff denfity was indicated at a different temperature ixi 
in each. . 

In an apparatus, having a ball of eartben*ware, it was 
at the 34-th degree; of glafs at the 4>2d; of brafsr at the 
d-Gih; and of lead at the 50th. And as water could not 
follow a different law, according to the nature of the fubflance 
of the inflrument, he conceived that the appearance of ano¬ 
maly in this fluid q^inated entirely in the containing veffel, 
which muff caufe the fluid in the ffem to fall or rife according 
as its expaniions are greater or lets than thofe of the included 
liquor. 

A detail of thefc important experiments has, ere now, been 
tranfmitted forpublicatidn in the Journals of ike Ho^al Injlitutian 
f>f London^. 

I have already noticed that Dr* Hooke endeavoured to ex- 
f Iain iiilhe fame manner the original cxperimenlot Dr.Croune. 
This explanation apparently gathers much force from ihcfe ex¬ 
periments of Mr. Dalton- 

It is proper, however, to fiatc, tl.al M. cle Luc was pcrfeflly 
aware of the alteration in ttiu dimcnilons of his'glafs apparatus, 
but deemed the change too trilling to have any material in- 


Blagden wore 
2tientive to the 
vcffd; 


and various rea- 
fons aftoid 
ground for 
doubt. 


fluencc. 

Sir Charles Blagden paid greater attention lo the circum- 
ffancC, and by calculation attempted to appreciate what allow¬ 
ance ought lo be made for the change of capacity in the amount 
of the apparent changes of volume. 

When it isconfidered, that the whole amount of the apparent 
change is but very fmall, and that the expanfibility of the glafs 
is with diihcully afcerlained, and is variable by reafon of tbe 
fluftuating proportions of its heterogeneous conffiluents, it muff 
be acknowledged, IhalpreciQon in fuch a calculation cannot poL 
ffbiy be attained, and can fcarcely be approached. On this ae^ 
count, ail the experiments already noticed are open to the 
explanation of Dr. Hooke, and in fome meafure liable to the 
objection which he had urged. 1 confefs, that the experiments 
of Mr. Dalton, in perfect concurrence with that explanation. 


* They were tranfmitted to our Journal by tbe author in VoU X. 
page 33 • 


created 
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created confiderable doubts refpefling the exigence of the pe¬ 
culiarity of water; againft the probability of wiiich circum- 
itancei all analogical reafoning, and every argument a priori, 
flroi^ly militate. 

UiKvilling to remain in uncertainty, and confidering it as a The author^i • 
point of*much curiolity and intcreft, 1 have cndeavouied to in- we*rr*not"made 
veAigate the lubjcdt by experiments conducted in a totally dit- vneemin bythe 
ferent manner, equally calculated to exhibit the 
truth, but free from the objoftions to which t!»e others arc 
liable. In them, it was my objeft to provide, that neither the 
changes of lljc actual volume of the water, nor the aheiations 
in the climenfions of the inftrument, fliould have any induenco 
whatever. • 

I have already taken occafion to flute, that the purpofe of this 
paper is to prove, by experiments on the principle now men- 
tinned, that in the conflitution oi water tliere really cxifts the 
fingularily often noticed. 

1 (hall firfl: flatc the plan of the experiment^, and then detail 
the particulars of the mofl rcmaikable ot them. 

When any body is dilated, whether hy heal or cold, it ueccf-Hu 
farily becomes lefs denfe, or fpecihcall} lighter; andthcoppofilc whethe^ 
efFeds relult from rontra^ion. This is the circumftance, as eve- water rifes or 
ry one knows, w hich caules various movements among the par- 
tides of fluids, when any inequality ol lemperatnre prevails in changes of tcia- 
the mafs; hence thefe particles arc little acquainted with a flatc pci-iturcj 


of reft. 

If a partial application or fublraiflion of heat produce an in¬ 
equality of denflty in a mafs ol fluid, the lighter parts rife to 
the furface, or the denfei tall to the bottom. 

It readily occurred, that 1 migiit avail to myfelfofthefe move¬ 
ments, and upon flalical principles determine the queftion in 

difpute. 

I had only to examine attentively water, as it was heated or wWch couMte 
cooled in a jar, and to obferve, by means ol ihcTniometers, 
what fituatiou the warmer, and what the coder parts ol tins pUced. 

fluid afPedted. 

If I (hould 6nd that ice-cold water, in aniuiring temperature, 
lliowed, in its whole progrefs, the warmer paits near^he (op, it 
wbuld indicate that w ater follows theulual law. and is expand- 

cd like other bodies bv heat. 

Or if I fliould obferve that warm water, in cooling to the 
freezing point, had tiic coldcft portion uniformly at the bottom, 
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change of tem- the fame conclufiou would follow; while a dilTerenl inference, 

coLftanti^^^at exiflence of the ruppofed anomaly, would bededucible ’ 

the bottom, if Ihould the event prove diflerent. The only circamfiance, l^n 
denfrfttthroiigh. lo myfelf a& lending in any meafure to render this mode 
“ *of examining the point doubtful, is that water near its congeal* 

ing point may have fo little change of deniity occafioned by a 
fmall variation of temperature, that its particles may be prevent* 
ed by their inertia, or by the tenacity of the circumfluent roafs, 
from alFuining that fituation which their fpecifle gravity would 
allot to them. 

f 

It will appear, however, very clear, from the circumftances 
of the experiments which I fliall immediately dclaib^, that no 
obflacle to the fuccefs and precifion of the experiments pro* 
cceded from this fource. 


£xp« ]• Ice* 
cokl water ex- 
pofed to a warm 
atmofphere, was 
warmer (ij^) 
below uU 38 ^, 
after whidi It 
wai warmer at 
top. 


It is not iiecelTary for me to relate all the experiments I have 
made. I fliall rellridl myfelf to the detail of Jix, which prelent 
varieties in the modes of procedure, and which afford the moll; 
firiking refuils. 

Exp, 1.1 tilled a cylindrical jar of glafs inches deep, and 4§ 
in diameter, with water of temperature 32^, and placed it on 
a table, iiUerpofing aconfiderable thicknefeOf matter poflelFed 
of little power of conducting heat. I rufpended two thermo¬ 
meters in the fluid, nearly in tlie axis of the jar,' one with its 
ball about half an inch from the bottom, the other at the fame 
diflance below the furtace. The jar was freely expofed to 
the air of the room, the temperature of which was from 60^ 
to 62®. 

The experiment c'ommenced at noon; 
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Confiding in the indications of the thcrmometerst from this 
experiment we learn, that when heat flows on all tides from the 
ambjent air into a column of ice*cold water, the warmer por- 
. lions of the fluid aftually defcend, and take poflTelfion of the bot¬ 
tom of^the vetTel. 

This downward courfe proclaims an incrcafed denfity, and Whence It Is 
teftifies that the cold water is contrafled by heat. As foon, the a!idw(upl 
however, as the fluid at the bottom exhibits a temperature ofpcr) fluid was 
S 8 ®, this courfe is retarded and foon flopped, and with the rife 
of tenyicrature be)ond 40® is totally changed; for when the near frecaing; 
mafs attains this degree, the experiment equally fliows, that the wanner 

warmer fluid afeends and occupies the fummit, by its route an- JasMicr^atthc 
nouncing its diminiflied denlity, and proving that water is now higher part of 
expanded by heat. 

ExpAlA filled theramcjarwithwateroftcmperaturc53®;and £xp.a. Water 
that I might obferve the phenomena of cooling, I placed it in 
the axis of a much larger cylindrical veflel, nearly full of water, cooled by enve- 
of temperature 41*^, and, b) an earthen-ware fupport, raifedit 
about three inches from the bottom, taking care that the water water, it was 
fliould be on the fame level in both velTels. As foon as I had 
adjufied the two Ihermomelers as in the former experiment, I whith it waT 
obferved that the top of the fluid was ftill at ,03®, but the bot- 'farmer ( 4 ^+} 
tom had fallen to 49 ®. bekm. 


In 9 minutes. 


Top. 

52 ® 

52 


Bottom. 

45 

44 


Now, to accelerate the cooling, I withdrew by a fyphon 
the water from the large cylinder, and fupplied its place 
by ice-cold water, mixed with fragmenis of ice, which by 
repeated cautious agitation was kept uniformly at the tempe¬ 
rature of 32®. 


In 23 minutes, 
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This experiment is the counterpart of the foregoing, and from 
Iheleftimony of the fame inftrumcnls, it appears, that when a 
cylinder of water of 53“ is cooled by circumfluent iced fliyd, 
the colder part of the water takes pofTeilion of the bottom of the 
veflel, fo as to eflabllili a difference of temperature from the fur- 
face, amounting fometlmes to 8“. And that as (oou as th&fluid 
at the bottom arritres at the 40th degree, the temperature of the 
fluid in that fltuation is flalionary till the furlace reaches the 
fame point. 

Whence the During the fubfequent refrigeration, the progrefs of the 
ia^deduMd coolIng Undergoes a total change. The thermometers tell 
the former ex* ‘tliat tlie colder fluid rifes to the furiacc; fo that thc^ top gets 
peiimenu jjjg bottom foon by i.*-', and attains tlic lowefl 

temperature of 3very long beiorc the other lulls to the fumo 
dogree. 

Tiicfe circumflanccs, I think, lead to the coneliifion, that by 
Ihelofs of caloric, whaler at 33*^ is contracled and rendered fpc- 
.ciflcally heavier, and that this continues to liappen till the water 
come to the temperature of U)^, at which period an oppofite ef. 
fed is produced; for now the water, as it tools, becomes fpccifi* 
cally lighter, or is expanded. 

in this, as well as the former expenmeni, (he complete 
change in the fltuation, which the warmer and colder parts of 
(he fluid afl'eded, in the progrefs both ol the Iiealing and cool¬ 
ing, while every external circumftance of the proccls con¬ 
tinued unaltered, is particularly worthyvof remark. 

A’xp. IIl.I tookaglafsjar, 17,8 inchesdeep, and 4.5 in diameter 
internal meafure, having a neck and tubulature very.near the 
containing water bottom. 1 provided alfo a cylindrical baton of tinned iron, 

wl^d^ound its 10 inches in diameter, with a circular 

itfperparthy hole in the middle of the bottom, large enough to receivp 
kc and fait. (hg top of the jar. By means of a collar and .cement I 

turefdlquickcft^^cu**®^ bafon, fo that it encircled the upper part of the 
at bottom, till jar. 

continued'ilva! objcfl of ^he contrivance was to have the means of ap¬ 

tionary ; after plying a cooling medium to the fuperior portion- of a cylinder 

water, and it anfwered the purpofe completely.. I intro¬ 
duced the ball of a thermometer through the tubulature, till 
(he extremity of it nearly reached the axis at Lhfee-fourths oi 
an inch above the riling of the bottom, and having fixed it in 
this fltuation, I rendered the aperture water-tight, by a per¬ 
forated cork and lute. 

This 


Exp. A tall 
jar, nearly iS 
inches high. 


face funk to 
freezing, and 
congealed. 
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This very tall jar was placed on a table, with the interpofi- 
fion of fome folds of thick paper, in a room without a hre, of 
’ the temperature 42®, 

I filled it with water of and poured into the bafon, 
which embraced the top* a mixture of powdered ice and fait. 

From time to time I explored the temperature near llie fur- 
face, by infertinjj the bulb ol a thermometer to the depth of 
half an inch nearlv in the axis. 


Botlym. 
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The expenment 
isfted 50 hours. 

48 
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' 


41. 



42 

f 

" At (his time a thin film of 



ice began to form in con¬ 
tact with the giafs. 


U 




r A cruft of ice offomethick- 
<{ ne!^ now lined the gl.iU, 
[and air had iallen to 40®. 


Cruft of itc complete. 

Air W®. 

^Air 40^. So much icchad 
that the cake wa*! de- 
Uii Irom llie fide of the 

.vcih'l. and floated. 

Air •11'^. Ice not all melted. 
Air Ice not entirely gone. 


This long protrafled experiment prefcnls tome ftriking fadts. Review of tk# 
and its general imporl, wilh regard lo the fiibjed ol'invelliga- ”* 

lion, agrees witii the preceding. In it wc tee, that whcii liie 
frigorific mixture abtiradled caloric from the upper extremity of 
a cylinder of water, nearly 18 inches long, and at 50®, the re¬ 
duction ol temperature appeared fooner, and advanced quicker, 
at its lower extremity than in the axii at the top, not two and a 

^ half 
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Ai the fluid be¬ 
low 40 * conti¬ 
nued at top) ic 
was not 

than that at 40 ?. 


Yet the experi¬ 
ment docs nut 
ibow that it was 
f9Ter* 

It might be even 
alledged that a 
linall excefs of 
denfity pre¬ 
vailed \ 


but this is not 
entitled to re¬ 
gard. 

That heat which 
pafled by diiett 
comcnttnic>\tioa 


half inches difiant from the cooling power. No one can en¬ 
tertain a doubt that this is owing to a current of cooled and con- 
clenfed fluid defeending) and a cbrrefponding one of a warmer* 
temperature afeending. Now, if water obferved the fame 
law that other bodies do, and had no peculiarity of conflitu* 
tion, the fame progrefs of cooling (hotild continue. Thisi how- 
ever, the experiment teaches us, is not the cafe: as Toon as 
the fluid at the bottom exhibits a temperature of 40^, it 
ceafes. The colder fluid remains at top, and quickly loflng 
temperature, ere lung begins to freeze. The continuance of 
the colder fluid at the furface furely denotes, that it is not 
more denfe than thefubjacent warmer water. The legitimate 
inference from this is, that water of temperature ^0^ is not 
conlrafled by being cooled to 32''. 

Did water obferve the ufual law, andlofe volume along with 
temperature, this experiment, by its long duration, aflbrded 
ample time for (he manifeflation of it. 

For not lefs than two days did ice-cold water maintain pof- 
fcHion of the top, and for (he fame period the temperature at 
the bottom never fell below 39^. No current, therefore, of 
cold and condenfed fluid moved from the furface, to aflfed the 
inferior thermometer, or to attefl the contraction of water 
by cold. 

This experiment, however, I mud remark, does not warrant 
the conclulion, that the water is aflually expanded, though it 
in no degree oppofes it. It proves no more, than that the 
contraflion ceafes at 40°; and that water of 32*’ is not more 
denfe than of 39° or 40°. Nay, fume may perchance alledge, 
that it docs not prove fo much; conceiving, that if at 40* the 
contraflion, without ceafing altogether, becomes very incon- 
fidorable, the difference of deniity occafloned by the fubfe- 
quent reduflion of temperature may be fo very (rifling, as not 
to enable the cold particles to take that iituation which their 
gravity afligns to them, in oppofiiion to the inertia and tena¬ 
city of the fubjacent mafs; and therefore that the colder^ 
though heavier fluid, may be confirained to remain above. 
That this allegation Ibnuld have no weight attached to it, the 
circumnances of the fucceeding experiment will clearly fliOW> 
as I fliall fuon notice. 

H(.'fore quilting iheconfidcration of the prefent experiment, 
it may be worth while to lemaik, that it may feein rather fur- 

prifing^ 
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prifing, that the boUom of the fluid was not apparently affefled muft ha^ been 
in its temperalure by the ice which fo long occupied its fur- 
• face- It miglit be expeded, though no cold currents de- 
tcended from above, tlial the caloric (hould be condu£led from 
^elow, and that the temperalure fliould by that have been re¬ 
duced,^. I fiippofe that the caloric did pafs from the lower 
ilrata upwards, but extremely flow, by reafon that fluids, as 
Count Kumford taught us, are exceflively bad conduflors of 
heat, and fo very flowly, that the caloric entered from the 
almorphcre with fufficient quicknefs to prevent any depreffion 
ol' temperature below the 39th degree. 

This experiment, I may conclude with remarking, is very 
well calculated to exhibit the error of the popular opinion, that 
heat has a tendency to afeend.” 



* ANNOTATION, by the Author, f 


This experiment may perhaps be thought to give counlc- Tlie opinion 

nance to the opinion of the very ingenious Count Kumford, 

‘ It *1 L fluids Mti* 

(hat fluids cannot condu^ heat, and that no interchange o>notconduft 

heat can take place between the particles of bodies in a fluid heat 

Kate, feeing that for two davs the fluid at the bottom of the 

vefTel never fell below 39'', though the furface was at 'VA^. 

From the circumftances detailed in his leventh cifa), the 

Count concluded, that heat cannot defeend in a fluid. From 

the prelent, it might with equal juftice be inferred, that heat 

cannot afeend. 

Had 1 not the fullcli conviflion that this celebrated philofo- ippeit^ t» be In- 


pherhas puflied his ideas loo far, I might be difjmfed to con- 
fider this experiment as according well with the hvpothelis. 

Soon after the interefting fpecuUlions of the Count ap- 
peared, I began to inveftigate the fubjcdl; and, by a pretty 
long train of experiments, which I have annually taken an 
opportunity of detailing in my leflures, fatisfied my tell that he 
alflgned to fluidity a charadter that does not belong to it. 
Though fince the date of thele expetim'ents, the public has 


+ As this note fubjolned at the foot of the page after the words 
temperature Jhould by that haw been reduced, in the original, is of 
I'uch confiderable length, I have taken the liberty of putting it in 
the fame type as the text.—N. 


become 
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become poflctTed of fcveral fcricf;, well devifed^ and^ ih 
my oj)Uiion, of Ihcnifelves coiiclufivc, it may yet be worth- 
whife to flaie ibc tenor and refuU of ihemi by which the value 
of their teilimon) in favour of the conducing power of liquids 
may be cfllinatcd. ^ 

Irperimcnts to The experiuicaU were oi two defcriptlon'^. 

^'^defwndYii fame nature nearly with thofe of Count 

fluids s Ruinforth ^vas dcligued to examine. Whether heat, when 

applied to the furfjee, can deicend in a fluid; and the other 
to difeover. Whether, on the mixture oi diOerent portions of 
fluid at difterent temperatures, un interchange of caloric takes 
place betw'cen the particles;—Water, oil and mercury, having 
been the fubjccls of the Count's experiments, were employed 
for the iirlt let. 


To water (and 
oil) the hsat was 
communicated 
from the bottom 
of a metallic vef- 
lel (in contact 
with the furfacc 
of the fluid, 
9 nd) heated by 
hoiling water 
within. 


To explore the condufling power of water and oil, the 
apparatus which 1 ufed confifled of two vclTels of tinned 
iron, both cylindrical, and the one fomewhat larger than the 
other. The larger had a diameter of eleven inches, and into 
It were poured the fubjeds of liic trial, to diiferent depths on 
different occuiians. The fmaller ten and a half inches 
in diameter. By three hoojes il was fufpended within the 
larger pan, in fuch a manner, that the bottom of it exadly 
reached and came in contact with the furface of the fluid. 


Tins fmaller veffel became the fource of the heat, by being 
filled with boiling hot water. The water was changed fre-* 
quently, care being taken to avoid, by the ufe of a fyphon, 
all agitation and diHurbance. 

This hot veffel In experiments of this nature, the difficulty is to prevent 

fliat"whidrcon conveyance of caloric by the fides of the veffel, I at- 
"ttmed the fluid tempted, and, I think, I fueceeded, in overcoming this diffi-. 
vndcrexpcri-^^ culty, bv ciK'licllng ihc larger veffel, as a height exadly cor- 
containing vcficirefpondii.g with that of the furface of the fluid within, with 

^ gutter or cliatincl about half an inch in depth; and by caufing 
face of the fluid, * ftfcam of cold Water to flow conftantly through a fyphon into 
and therefore ihis guftcr, v%1u1j from the oppofite fide it ran off by a fmall 

Aid not carry any ^ 

Jieatdownwa.ds. 

The water was feveral degrees colder than the fubjefl of the 

experiment , and keeping cool the portion of the veflel with 

which it was in it intercepted the heat that would 

olherWiic have travelled by this route to the bottom* 

Mercury was for suercury 1 had recourfc to veffeU of glafs. 

tried in g'ats. Jn 

veflek* 
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Ib all the experimeni<t a thermometer bore tefiimoay tha£ the In the cxpe- 
caloric defcended from the furface to the boUom of the ^uul^ deftendcd** 
and demon/irated, at leali to my conviction, that flaidi can 
conduct heat. 

The progrefs of the heat, however, was very flow, and 
attefled the important faCt, (or which we ought to be tbank« 
ful to the Count—That fluids are very bad conductors. 

The fecond fet of experiments was calculated to examine, 
in a very diflTerenf manmT, the pofition, Thai all interchange 
and communication of' lieat between the particles of fluids ia 
im poffifile. 

When a Jiot and a cold fl.iid are mixed together and well Other erprrU 
agitated, very foon an uniform is produced. This equality 
muff proceed either from a communication of heat from the 
warmer to the colder fluid, agreeably to the common opinion, 
or from a perfeCl intermixture of hot and cold particles, ac* 
cording to the notion of'Count Rumford, To which caufc it 
ought to be attributed, I conceived I might difeover, by afeer- 
taining whether, after fucli an intermixture, any reparation of 
the hot and cold portions took place. If the equilibrium of 
temperature be owing to intermixture without interchange of 
caloric, the hotter particles, as foon as the agitation reafes, 
ought, by reafon of their greater rarity, to accumulate, to *3 
certain degree, at the furface, and there exhibit a temperature 
above the common one, 

1 firft tried water, and mixing this fluid boiling-Iiof, with when hot and 
an equal quantity nearly ice-cold, in a ftoppered glafs jar, I 
'fhook them well for a (hort time* quire a common 

I then noticed the refuUing temperature, and raifing the 
ball of the thermometer towards the furface, I had an oppor- 
tuntty of obferving, that it never rofe the fmallefl portion of 
% degree above the common temperature which had been efla- 
bHfhed. 

I next made a fimilar experiment with alcohol, felefling it Thafomee(^ 
on account of its remarkable dilatability. I fhook wellt 
half a minute, a mixture of equal parts of alcohol at tempo. 

40® and at temperature 170®. The refulting temjperature of 
the mafs was 140®. 

Now, if this was a mixture of particles at 40® and at 170®, 
as the diSbrence of fpccifio gravity between the fluid at ihefe 
temperattfres is very confidcrable, fome reparation of the warmer 
Vox., XU. — SveptBMENT, A a ^ 
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and lighter particles from the othersi ought» I conceive^ to 
have taken place. The temperature of tb& top* however, 
never indicated the arrival of warmer particles. It never af- 
cended above the point of equilibrium. 

From thefe experiments I concluded, that the upiforroity* 
of temperature was eftabliflied by an a£lual communication 
and interchange of heat between the particles. 

Count Rumfbrd It may not, however, be improper to flate, that Count 

Rumford, with whom fet'eral years ago I had the pleafurc 
Erughtbetoo of converting upon this fubjefl, ailedged, that the inler- 
fcw ™*^*“*^® ™*ght. be fo complete as to prevent any reparation 

tioa: whatever. 

If it be a property elfential to fluidity, that heat cannot pafs 
from one particle to another, the particles of different fluids 
ought to be equally incapable of imparting caloric mutually to 
each other. Unfortunately, however, for the fpeculation, the 
the caloric is fo communicated Though, a priori^ I enter¬ 
tained no doubts refpefling the refult of the experiment, 1 
but oil and ^ poured a quantity of olive oil which had been heated by im- 

in a vefTel of boiling water for half an hour, upon an 
tempencureby equal volume of water of 38^, and agitated the mixture, by 
»U?irth^mc ® quarter of a minute. The common temperature 

when feparate. produced was 78°, and the heat had gone from the oil into the 

the water; for when tlie fluids feparated, and bad arranged 
themfelves according to their fpecitic gravity, both of them had 
the fame temperature of 78° *. 

The experiments of the two defcriptlons now recorded, left 
on my mind little doubt that the Count had overArained his 
conclufions. 


£xp> 4 . The 
call jar of Exp. 
31 containing 
water at 40 *, 
waa cooled 
round its kwir 
part by ice and 
iolt. 


t Exp, IV. I took the fame tall jar, and flopping the tubu- 
lature with a cosk, I filled it with water of temperature 40°, 
and placed it in a pan After fufpending two thermometers, 
as in experiment flrfl and fecond, 1 poured a mixture of ice 
and fait into the pan, to the depth of 4/2 inches, the air of the 
room being 40^, as in the lafl experiment. 


The tempera¬ 
ture fell at 
quickly at top 
as at bottom; 


Bottom. 

Eleven o’clock, 40^ 

In \o minutes, 3H+ 


Top. Air. 

40° 40® 


• This is alfo very flrikingly the cafe with mercury and 
watcr.-«-N. t The text is here refumed. 


In 
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tn 20 minutes. 

Bottom, 

33»— 

Top. 

38tt— 

‘—30 — 

— 

37— 

37— 

— 40 — 

—.— 

36 

36 

r-60 — 


35.5 

35.5 

— 80 — 

— — 

35 

35 

- JOO — 

— 

34.5 

35 

. 120 — 

— — 

54— 

34 

— 8 hours. 

34— 

34 


A cruft of icc began to form on the infide of the glafs 
when the water in the a^is of the bottom and of the top was 
at 36^» la the courfe of (he ex 2 )eriment, it became at leaft 
an inch (hick. 

We learn from thisexperiinenf^ that cold applied tothe lower 
part of a cylinder of water, nearly 18 inches long, and having 
the temperature of 40^, is adually as fpeedily perceived at the 
fummit as in the axis of that part, on the external furface of whence it !s 
which it immediately a 6 ts. As ftuids condud heat fo very tar- that 

1 • 1 ‘'.r /• I . / cooled water 

Oily, this can only ante from currents of cooled water alcend- afeended from 

ingfrom the bottom, and tliefe cold currents cannot move up- F**® 

1 I /<■/••/• II 11 1 1 ns greater rarity 

wards, were not the water of them Ipecmcally lighter than Uiat below 40 *^ 

of the incumbent warmer fluid. 

The water, therefore, which at the bottom is cooled by the 
contiguous frigorifle mixture, mull be expanded by the lofs of 
caloric. 

This experiment fccures full force to the laft, as it obviates and the ol^rc* 
the objedion already noticed, and alfo precludes another. I 
have already ftated, that it may perhaps be ailedged, that 
the fluid at the top, in experiment tliird, though cooled 
to 32^ did not defeend, becaufe below 40"', the contradion 
is fo trifling, that it does not occaiion a difference of fpe>^ 
tific gravity fulBciently great to caufc the particles to defeend, 
ivhen oppofed by the inertia and tenacity of the fluid through 
which they have to fall: or it may be conceived, that the 
defeent is fo tardy, that time is given to the ambient air or 
fubjacent fluid to furntfh heat enough to raife the temperature 
of the defeending Cream, and by that arreft it in ks^downward 
courfe. 

But from the particulars above recorded, it is manifcft, that 
the change of denfUy between (he temperature of 32*' and 
40 *^ is quite fufficiciU to pul into motion the particles, and to 

A a 2 enable 
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enable them to overcome the ob(!acIe arifing from inertia and 
tenacity^ and to witliftand the arrefling eftefts of atmofpheric 
heat. 

Though thefe experiments, and fome others of a fimilar na¬ 
ture, carried convidtion to my mind, and pcrte£lly fatisfied me 
rerpe^ing the reality of the anomaly of water, I determined to 
vary fomew hat the mode of making the experiment, fo as to 
obtain flill more tlriking refults. 

Anatker ex- For the fifth experiment, I ufed an apparatus which coniiflcd 
* of a flill taller jar. It was 21 inches high, and 4 in diai^eter. 
ai iflchea high* I adjufled at ttie middle of its height a perforated bafoh of tin¬ 
ned iron, 2 inches in depth, and 10 in d'ameter* Ac thisbafon 
embraced the middle of tne jar, I could, by filling it with 
hot water, or a frigorifi:: m ture, apply heat or cold to the 
middle portion of the fluid in the jar, and thence, by the ther¬ 
mometer, learn what courfe the heated or cooled fluid (hould 
take. 


B«p. 5 . The 
laft meAtioned 
jflr was filled 
with ice-cold 
water. Heat 
was applied to a 
zone of two 
inches near the 
aaiddle by means 
of warm water 
in a circumam- 
hient vefleli 


Exp. V. I filled *he jar wdlh water at 32®. I placed it 
upon feveral folds of thick carpet, previoufly cooled (o the 
fame degree. The air of the room going from 33® to 35®, 
I introduced two thermometers, as in experiments firft and 
fecond. I then noured water of temperature rs® into the 
bafon, and by means of a fpout arifing from the fide of it, 
and a fyphon connefled with a relervoir ot water the 
temperature now mentioned, I renewed the contents of Ihs 
bafon frequently, but without canfing any agitation. 




Top. 

Air. 

Thetemperature At coiamencement. 

32® 

32® 

33-35 

minutes. 

35 

32 


unchanged at — 15 ■ 

3(i- 

32 


top : but after r»Q 

the lower water 

36-1- 

32 



37 

33 


it became fta. 

38 

33 

**• From this lime I 

tionary, and the 

38+ 

33 

charged the bafon with 


39- 

33 

water of temperature 

1 

• 

1 

Ot 

0 

39+ 

44 

88®, and renewed it 

— 55 - 

39+ 

45 

frequently. 


39+ 

48 



Nothing ean be more decifive with regard to the queftion 
in difpute, than the particulars of this experiment. Heat h 

applied 
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applied to the middle of a colunui of ice-cold water. The 
heated portion has an equal (hard of the column of cold fluid 
above it and beneath it. There is nothing to determine its 
courfc in one dire^ion or another, excepting its adlqal change 
of denfity- , 

The'Uiermometer evinces that the warm current fets down* Whence It !• 
wards, and carries the increafcd temperature to the bottom. of 

There, this inflrumqnt indicates the fucci-nive rile of fevera) water between 
degrees, before the furfece indicates ilu; fmallefl acquilUion be"^ 

of heat. cauic and 

Thfi inference is plain, that the cold water is contraflccl by 
the heat. more than 39 + " 

The clnfnge of the efle6l o*' heat is equally well illuftrated 'he warm cur- 

by (his experiment. SSirt 

JSiO fooncr did the inferior portion attain the temperature of 
than the heated fluid altered its courfe, and, by afeend- 
ing, carried the increafe of temperature very rapidly to the 
turfacc, fo that it Toon furpatfed tltc bottom, and cun'inued to 
rile, while the other remained Itationary. 

Exp. VI. 1 filled the jar uh*(i m the lad experiment with E*P-The 
water of temperature jyJ"-', t!ie air and the fupporl being at 
39 ®. Dilpollng the thermometers in the ulual manner, I in- at 39 J® and a 
troduced a mixture of fnow and fait into the bafon, 

ture applied to 
the middle zone. 
The fluid at 
bottom was 
fcarcely chan|;(d, 
but that at tap 



B^ctam• 

Top. 

Air* 

At commencement. 

39.5 

39.5 

59'' 

In 10 minutes. 

394 - 

3b + 


_ 25 - 

3.9 + 

3(1.5 

At this time 

— 35—- 

39 

30‘- 

ice began to be 

— 35- 

39 

35 

formed jpn the 

1 —an hour and 10 min. 

39- 

34+ 

ilde of the vef- 

3.> 

39- 

51— 

Id. 

— 2 hours. 

39- 

33 + 



This c^erimept fpeaks in as decided language as the pre- So that the 

cedinir. It f lows that when a portion, in the middle of a v**®' . 

column pf water at temperature 39.5 is cooiea, the colder by expan- 

fluid riies, and does not defeend through the warmer mafs, fwu* 

and prefents the unequivocal demonAration, that water of 

temperature is aftually expanded by lofiog heat. 

The diferent experiments which I have in detail recorded, 

agree .with eadi etiwr hi the evidence they give 

relative 
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The general relative to the fubjed of inquiry. The general import of 
i 8 ,Aat heat j, water which is ice-cold, or a few degrees 

water to contraa warmer, when heated, becomes fpecincally heavier,—that 
to 40 ®, and water of 40® when heated becomes fpecifically lighter,—• 
tJ^d^ water above 40®, by the lofs of heat, or by cold, is, * 

rendered fpecihcally heavier; and that water below 40^ is, 
by the fame caufe, rendered fpecihcally lighter. 

Such being the general import, the conclufion is irrefiftible, 
that heat, in low temperatures, caufes water to contra61, and 
at fupehor temperatures to expand. The opinion, therefore, 
is founded in truth, that water poflefles a peculiarity con- 
ilituLion in relation to the effedts of caloric, and that it is, 
within a fhort range oF temperature, an exception to the 
general law' of ** expaniion by heat.” 

ThcBrwteft So far as I can judge from'thefe experiments, I am dif- 
denfity l»cs he- pQfgj jq believe that the point at which the change in the 

40 O, conditution of this fluid in relation to heat takes place, lies 

between 39-J®, and the 40th degree. 

I am not at prefent aware of any ohjcclion (o the method I 
have followed in edablifhing this flnguiar anomaly, and in re¬ 
moving any doubts which may have arifen from the unavoid¬ 
able influence which the indrument mud have in the mode of 
condufiing the invedigation that had previoufly been adopted, 
Thcfe cxprrf- The plan of operation above deferibed, however, only af- 
inents certains the faft ; it gives no data for afeertaining the amount 

change, but not anomalous eflefl of heat. 

Its amount. I have already dated, that M, de Luc alledged, that from 
«p^ons^nd temperature of 41®, the expanfion occafioned by cold 
contraftions be was very nearly equal to that produced by the fame number 

^uaHntervaU degrees of heat; and confequently that water poflefles the 

fame denfity at any given number of degrees of temperature 
above and below 41**. The fird experiments of Mr. Dalton 
appeared to confirm this opinton, and to enlarge the range to 
which it applied, by extending it to temperatures as far 
below 32®, as water allows ilfelfto be cooled before it begins 
to freexe. From one circumdance thatcondantly occurred, 

I am inclined to think, that the amount of the dilatation by 
cold is infer ior to that caufed by heat. 

During the heating or cooling of water below 40®, the dif* 
ferenoe of temperature between the top and bottom of the 
fi^id was lefs than what occurred daring the cooling or heat-* 

ing 
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ing of Ihe fluid through the fame number of degrees abov» 
it; and I conceive that, when other circumilances, but par¬ 
ticularly the rate of the change, are alike, the difierence of 
temperature between the upper and lower parts of the fluids 
^as it depends upon, may prove a meafure of the difference of 
denfity. 

Alcohol, when heated or cooled, prefents, by reafon of its 
greater expanfibility, a greater difference of temperature in 
thefe fituations than water; and upon the fame principle I 
infer, that water from 40® is more expanded by an equal 
numbflr of degrees of elevation than of depreffion. 

As the concurrence of the teftimony of the experiments it Is a difficult 
above related with the general opinion, will probably remove 
every doubt rel’pefling the matter of fafl, it remains a very contrary changes 
difficult problem for ihofewho are fond of philofophical in-h^^at arc 
veftigalion, to explain how heat (hall occafion in the fame 
fluid, without producing any alteration of mechanical form 
of chemical condition, at one lime contraflion and at another 
expanfion, and to reconcile the contradive effeft to the con¬ 
ceived notions of the mechanifm of the operations of this 
energetic agent. 

When heat caufes expanfion, it is imagined to ad by indue- 
ing a repulfion among theparlicles of bodies, which, oppofing 
and overpowering llie cobefive attradioii, caufes the particles 
to recede. 

In what manner, then, the addition of heat can occafion, or 
allow, the particles of water to approach each other, and how 
the fubtradion of it can make them retire to a greater diftance, 

I confefs I can in no meafure comprehend. 

An explanation, abundantly plaufible at firft view, very 
readily fuggefts ilfelf to every one who is aware of the great pUnation; vis* 
and forcible expanfion whidi happens to this fluid at the 
moment of its congelation. It it Hated by Sir Charles Blag- 

den, in the paper already quoted. 

The remarkable dilatation which water «Periences at tte Atwater 
inflant of being converted into ice, is very generally aicrtbed, |,y of a 
and I prefutne very properly, to a new arrangement which the 
particles afliime. determined probably by their polarity ; by 
which one fide of the particle A is attraftivc of one fide of B, 
while it is repulfive of another. 

N0W4 
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it U pwbable, Now, if this polarity operates with lb mach energy as to 
that the arrange* impart almoll irrefifiible expaniive force at temperature 32", 
nient and the jj rgafonaUe to fappofe that it may begin to exert its in- 


cxpanfion may 
begin before 
foUdity enfuesy 


and the con 
traryo 


fluence, though in a far inferior degreOj at teoperaturec fonie* 
what more elevated. The expaoiion» tbereforCj tliat takes * 
place, daring the fall of temperature from 40^^ may be im* 
puted to the panicles beginning or afiedting to aflame that 
new arrangement which their polarity alTigns them, in which 
arrangement thefe particles occupy more (pace than before. 

Again, when heat caufes water of 32** to contrad, upon 
the fame principle, it may be conceived to operate, hf coun- 
teraQing the fmall portion of the difpofltion to polarity that 
furvlves the liquefaQion, ' 

1 am afraid that we cannot red fatistied with this explana¬ 
tion. We mufl not be deceived by the plaufibility of it. 

The date of perfedi fluidity depends upon the circumdance, 
that the particles of any body admit of ready motion upon 
each other, ^d that the change of relative fltuation meets 
with little or no fenlible refinance. 

Objedtioji. This Water certainly potrefles fluidity in a great degree) and its 
advanw towards particles mufl of courfe encounter but little refi dance, as they 

o(^t to impair glide the one upon the other. But if thefe particles fliuil 
the fluidiqf; begin to exert any d^ree of polarity, by which certain faces 

become more difpofed to attach to each other than certain 
others, this tendency would necelfarily oppofe that indifTercnce 
with regard to pofition, which is eflential to fluidity, and of 
courfe mud impair the fluidity, and induce fome degree of 
tenacity or vifeidity, 

which does not To appearance^ however, water at 32^ has its fluidity as per- 
to be the temperalorcs confiderably elevated. Unwilling to 

trad to appearance^ where experiment might decide, I have 
attempted in various ways to afeertain whether the water 
fuflers any fen Able diminution in this refped while it is 
expanded by cold. The following method 1 deem the mod 
correfl. 

Xxp-lmentt For the purpofe, I empbyed a gravimeter, the one contriv- 
wirhJfliAolfon’s gj jjy Nichollbn for dil'coveriog the weight and fpecific 

gravity of «folids, • 

This is a convenient indrument, but, unfortunately, it is by 
no means fo ticklidi as a balance,. Duly loaded, fo as to lie 
equiponderant with the water in which it is plunged, Mr. 

NichoUon 


gcsvhnetcr* 



eoimiACTlOK ov wat^r bt biat. 3ffl 

Nicholfon fays, it Is (enable to Ihe 20lh part of a grain 
.The one I have> though its ftem be Sender, is fcarccly fenShle 
to lefs than two or throe twentieths of a grain. 

The want of fcnfibility in the gravimeter arifes, in a great 
%ineBfure, though not entirely, from a certain degree of tenacity 
fubfifling among the particles of the fluid; and any thing that 
tends to increafe this tenacity, mufl, in the fame proportion^ 
augment this want of fenfibility. 

To afeertain whether any fenfible change in the tenacity or It rof* and fell 
fluidity accompanies the expanfiun of water by^Atj|d, which the “iwann, anA 
theory requires, 1 examined tlie mobility of the inflrument 
when immerfed in water at different temperatures. I firfl 
plunged it into this fluid, heated to between and 70*^. 

Under due loading, which funk it to the mark on (he fleni, 
it was not fenfible to a weight lefs than two or three twen¬ 
tieths of a grain. 

I then tried it in ice-cold water, and found that its fenfibility in ice-co!dw*ttr 
was In no perccjilible degree impaired. The coIdnef^ of the 
water, it niuft be reircmbered, caufes fome degree of contrac¬ 
tion of the gravimeter. This contraction cannot fail to render 
the inflruinent in feme fmall meafure more fenfible, and, fo far 
as it goes, to counteract the iluggdhnefs produced by any in* 
creafed tenacity in the fluid. 

But as the body of tlic inflruinent is made of glafs, the Whfncc the 
amount of the contraction inufl be very fmall, and tiie change 
of fenfibility arlfing from it fo very trifling, as certainly by no h not feniibiy 
means to oldcure lucli an effeCt as an increafe of tenacity would 
occafion, I therefore with fume confidence conclude, that the 
fluidity of the water is not fentibly diminiflied, and con- 
fequently that the polarity has not begun to exert any fenfible 
influence; it can (carcely, therefore, be accounred the caufe 
of the dilatation. 

* Perhaps the difference of fenfibility In my Inftrument, and that 
of the learned ProftlTn-, may have arifen from a difierence of 
the diameters of the ftems. Mine was of one fortieth of an inch. 

It was well rubbed with a clean linen cloth, which rendered fhe 
furface equally difpofed cither ro defeend or afceiKlj and the in- 
ftrument was iK>t judged to be in equilibrio with the fluid, except 
when the furflice about the ftem was neither prominent nor de- 
preffed. Tins was eafily known by the reflected image of the 
window frame, or other objeCls being i'ecn clofe to the flcm witb- 
HUt diftortion.—-N. 
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Sit Charles II does not feem to me that Sir Charles Blagden’s explana- 
*f*e**anlion”7 neceffarily imply that the fluidity of the roafs taken 

waiter by heat ^ whole, fliould be (^nfibly impaired when tried by the ap-^ 
does not fuppofe plication of a mechanical left. It might be impaired in the 

lefb fluid. manner as the water is affected by mixing fmaH floating 

fragments of a folid along with it. When a faline folution 
which would become folid by coId» fuch for example as the 
fulphate of foda, is cooled below its point of congelationi the 
cryftals will be difterently formed according to circumftances, 
Inftmce of cry- If the fluid be gently (haken or made to ofcillate. a ftiower of 
fc^ing^^awotding cryflals will gradually fall through the fluid; and the 

to circumltaDces* whole mafs wilt be a confiderable time before the cryftalliza* 

lion is finiflied; but if, inftead of this method of agitation^ 
the glafs be fcratched by a quill underneath the fluid, in Sir 
Charles filagden’s way, or if a fmall inftrument, having a 
cryftal of the (alt adhering to it, be clipped into the folution, 
the cryftals will radiate with great rapidity from that centre of 
perturbation, and in a few feconds the whole of the folutioii 
Wh«nreUis will become rigid. This common apd very ftilking experi* 


conjectured that 
the expanfion of 
water by cold 
may arifefrom 
miiwite cryftals 
of ice In the 
fluid. 


A mcafurc of 
the greater or 
Icfs fluidity of 
bodies is very 
deHrable. 


Dr. Hope's trial 
iray be modified 
prubably by a 


ment of chemical Ic^urers, Teems to me to indicate at Icaft a 
poftibility that fmall cryftais of ice may be formed and float 
diftinftly from each other in water, at 40 degrees and lower: 
^nd I think the metals afford us a number of inftances in which 
a confiderable interval of temperature is found to be between 
the commencement of cryftallization and the folidification of 
the whole mafs. In pewterers folder the interval is not Icfs 
than 40 degrees. Tliis hypothefis of fuch diffeniinated parti- 
cles of ice, which Teems to be nothing more than an exprefiion 
of Sir Charles Blagdcn's theory in different words, will explain 
why the colder water fliould be lighter;—namely, becaufe it 
muft contain more ice, and alfo why the expanfion ought not 
to begin but at Tome delinile temperature. 

Though it docs not appear to me that the theory of Sir 
Charles muft neceffarily imply a change in the mechanical re- 
fiftance of water from what may be called rigidity; yet there 
arc many other reafons why pbilofophers (hould be deftrous of 
meafuring the vaiiations of fluidity in bodies: that is to fay, 
the greater or lefs facility with which their parts are moved 
amongft each other. The ingenious attempt of Dr. Hope to 
afeertain this from the refiftance made by a fluid to the perfo- 

ratioii' 
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ration of its furfacc by a cylindrioal folid, is liable to the ob- change in the 
jedtion that it fuppofes the aUra£lion or repulfion between ^hetwe^ 

folid and the fluid to remain unchanged by variations of tern* the water and 
perature; whereas the contrary Teems moft probable. Th® 

• doctor's experiment niuft be grounded upon a pofition that the • 

greater the depredion or the greater the elevation of a fluid 
round a fmall cylinder partly immerfed in it, the greater mull 
he the refiflange from imperfect fluidity. But ihefe effefts are 
evidently as much governed by the attraction or repulflon of 
the folid with regard to the fluid as by the rcflflance which the 
experiments arc intended to meafurc. I have fomewhere read Water clocks 
that water clocks and other inflruments for meafuring time, rWMliTcSd 
by the paflageof water through fmall holes, go flower in cold weather; be- 
weather. This may arife from contraction of the hole, though 
my authoraferibes it toimperfcCl fluidity. After fome medi¬ 
tation on this problem it flill appears to me to be furrounded 
with diflieulties. Perhaps it may be one of the beft methods 
to futfer the fluid to drop from a capillary fyphon in different 
temperatures. I am difpofed to think that the drops would be Suppotitlon that 
fmalleft and Ijie whole tiuanlily in a given lime greatefl when water would 

thc fluidity was the mod perfeCl, or at lead when the adhefion pjIUry tube whea 
of the particles of the fluid to each other was the leafl. But 
even here the attraction of the fmall capillary extremity of the 
tube from which the drop would fall would require to be con^ 
tillered; and on this account the method would be preferable 
(if fo) to Dr. Hope^s only becaufe the repetition of a great 
number of drops or quantity of effluent water would give a 
greater degree of precifion to the refult. 

Is it likely that the rope pump turned regularly a certain Will the rope 
number of turns in a given lime would raife more water when 
coldefl and lead fluid? If it did not might we not infer that tenacity or Ba¬ 
the fluidity of water is not fenfibly afTe^cd by change of 
perature ? 


Ol^tTvatioris 
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IX. 


many. 

Other matter 
may be fubllU 
tuted for ii» 

Ungrounded 
prejudices pre¬ 
vent the ufe of 
turf far fuel. 


Ohjiriations on Tur/t from the German Rathbegcr fur »IIe 
SlXud. BjfDoCTOVi COLlbNCUSCH, 

It h not very probable that a man placed befulc a fountain 
,ot pure water flioald fuffer himfelf lo die of Ihirll through neg* 
of uling it^ or poflelEng food in abundance, Aiould not 
appeafe his hunger will) U; neverthclcfs inllances of this kind 
are not wanting. t 

Wood fuel very Every one complains in Germany of the fcarcify of wood 
fcaicc in Get- fo|- jj jg that fubftances have been found in other 

places wiiich can fupply its placc^ and that they have been 
formerly ufed here; but all this cannot induce any one to iearch 
for turf. 

It is cafily conceived that proprietors of woods, through the 
fear ot having their profits ditninillied, thould endeavour to 
perpetuate ancient prejudices, and to extend the opinion that 
the plague only ceafed its ravages fince the ufe of turf for fuel 
has been difconlinued; but it isdiffieiilt to imagine that magif- 
trales inflcad of encouraging the preparation of this fuel, (hould 
endeavour lo prevent thufe trom doing foy who wiQied to en-^ 
gage in it. ^ 

It is very likely that the difeovery of the ufe of turf as a 
many from the coznbufiible was firfl due to chance; and befides the ufe ot 

Germany has been continued from periods more rcn 
mote than any written documents extend to. 

Various «rrofie- principal caufes which have prevented the fearch after 

ous opinions turf, are the erroneous opinions which have been formed of 
pr^ftiw^and manner in which it has been produced, of its preparation* 
ufe.* and its ufe; fome of whicli are as follow. 

Some think, for example, that turf has been formed at the 
moment of the creation^ fuch as it is now found in the earth, 
and that there arc veins of turf, as there are of iron, copper, 
tin, and other metals; but experience proves thefallity of this 
opinion, for there is found in almofl all parts of Germany turf 
covered with more or lefs earth, (if only a proper fearch be 
made for it) beneath which layers of trees may be fecn, which 
proves that there formerly were forefts in the fjiine places. 

Others 


Ufed In Ger- 


1 ft That turf h 
found in veins 
like metals. 
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Others believe that at tlic lime of the deluge vaft foreAs were That it wa* 
overthrown, and aflerw'ards covered with herbs^ reeds, and 
other plants, and that thefe vegetables having rotted by de¬ 
grees, became at lad this black combuAible mafs refctnbling 
• earth, which mnft have required an enormous quantity of ve¬ 
getables, as plains of many leagues fquare are found covered 
with beds ot it to die depth of more than 25 feet, beneath 
w’hich trees arc ddcovcicd of great hardnefs, and almoft pe- 
trilied. 

f^lhcjs imagine that it is more probable that the fea tranfport- 3 d Th.ft it was 
ed the materials of the turf from the weftern countries to 
cafiern, andi covered with them the trees which are found weft, 
buried beneath the turf. It is very true, that ihefe trees have 
their roots turned tow^ards the weft, and their heads to tliceaft. 

But then *it is difticult to explain bow this f'ubftance could be 
cafrred to countries diilant trom the fea, and even to the tops 
of the bigheft mountains in upper Saxony, on the £roc^en and 
the /lips. 

Many perfons are of opinion that torrents and rivers have 4 th Thafr it wai 

drawn logetheV and dcpofitod leaves and branches of trees on^ 

• tuff cuts. 

the low grounds, and that they have thus accumulated the 

conftituent elements of l!ie turf; but tliis cannot take place in 

countries in which no large rivers are found, nor on high 

mountains. The inicrofeope clearly fticvvs that turf, efpecially The microfeope 

that kind which is from the furface of the earth, is compolied '5 

* poled or v€ffcta- 

of mofles, herbs, ru flies, and other vegetables, and their roots bic fibres, 
ftrongly interlaced, of which tlie greatefl part is changed into 
earth. 

Paper has adually been compofed from turf, and the water Papermsdefrom 
which has fettled in turbaries is ufed to tan leather, which 
proves that it is principally compofed of vegetables. Chemi- water, 
cal refearefaes have alfo difeovered in it a mineral rcfin whidi 
principally promotes its cumbuftibtHty. It appertains then 
partly to the vc ,etablo, and partly to the mineral kingdom. 

Turf may be produced artificially, by digging trenches 6 Turf prodocad 
feet deep, and from 15 to 20 feet fquare; the trenches become finkingd«p^aiti 
filled with water, and produce the firft year a green Qimy mofs, wide trenches, 
the fecond year this mofFy vegetation covers the water to the 
' height of two feet, and a great quantity of filaments are dif- 
covered in it mixed with leaves and flowers, in the third year 
K llraUim is efiablifhed, which attracts the dull and the feeds 

which 
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Tvl)icb float la the air, and engender a quantity of marKli 
of reeds, and of herbs, which the fourth year become fo heavy 
that they fall to the bottom* They then become comprelTed 
there, and by i'uccel&ve repetitions of this operation, all the» 
trench becomes filled up in the courfe of 30 years; however 
this turf would probably Require 100 years before it would 
equal the ancient turf* 

Three fpecies of Although this turf is always the fame in its conftituent parts, 

it nevcrthelefs difTers in having thefe parts varioufly mixed, 
which occaiions its being divided into three fpecies^ "J'hc 
iftThefurfacc firft comprehends the furface turj\ and is the moft common 
turfc Itind ; it is found almofi every where; but it confciins in Ibme 

places more combufliblc matter, which makes its colour vary* 
Found wherever This fpecics is always fureto be found wherever places arc 
wnl u difeovered where lire water ftagnates, whether on plains, ele- 

withweedi, vations. Of declivities, in fucli a manner as to forma thick 

blueifli crufif and depofits a yellow nmd; or where the foil is 
covered with mofs, reeds, ruflies, or ridges; and if at the 
fame time the feet of the pafienger links into the loofe foil, II 

and where trees ^afth bends beneath his feel; it trees are perceived (which 
covered with are commonly little pines or fir trees, or (bmelimes other kinds 
Diofs «« trees,) covered vviih much moi's, inclined to one fide, and 

wind. half rooted up at the oilier by the wind; in all thefe places turt 

will be found near the furface, and it is only necelTary to re¬ 
move the fod to perceive it. But this operation may be per- 
termed more quickly and ealily with the Englilh borer, which 
alfo will fiiew the depth ot the bed* 

To rrocure it To procure the turf, the water fiiould be drained off, which 

the witer fiioul4 gafy (q db if the country is elevated or has valleys in its vi- 
hc drained off. , jjut the operation is more difficult when the earth is 

level. As perfons are not always to be found capable ot tak. 
ing the levels of ground, the places (hould be remarked where 
the water fettled in fpring when the fnow melts; thefe places 
Eafy method of be maiked by flakes, and afterwards the trenches ftiould 

finding the de- be made to jiafs this way which are to be dug, to let the water 
^ run off. 

Mtth^ of pre- To cut,the turf an iron fpade is ufed, which fhould be nei- 
paring the fur* ther round nor pointed, but terminating in a firaighl line; 

this (liquid beferewed down as far forwards as poffible, along 
the fid4 of a flretched cord, by a line 14 inches long and fix 

broad; Uie detached part is feparated from the depth of three 

inche^i 


4 ~ W 

face turf* 
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inches, at two firokes of the Tpade, to the length of 16 inches^ 
and 41 inches broad, and this piece of turf is afterward di¬ 
vided in two* 

In order that the pieces of turf may dry quickly, they (hould Method of dry- 
' be placed on planks, and difpofed fo that the air might freely 
circulate between them, and that they could receive the rays of 
the fun. 

When the turf is thus dried to a certain degree, it is placed Should not be 
under llieds to compleat the drying; for if it was expofed lo 
the tun till it w^as entiiely dry, it would lufe its flrength and 
burn like f!raw. 


It is alfo difadvantageous to cut a large proviiion of it for o' luipt too 

many years'^ for the laft made is always the bed. The upper und jower 

and lower beds a ^Ifo oblerved to be of inferior quality lo beds of it the 

thufc in the niidll: tlic buff turf is that of a brown colour in-. . * 
... , , Ke« wad dark 

dining to black, i.s heavy, and its texture is iraverfed by a brown and 

fraall quantity ot loots; bhis kind produces a ftrongand la/ling 

fire, and its finell is very fupportable. The more it is of a®dghrbrown or 

bright brown c(»lour, the greater numberof roots in it, and the worlc* 

lighter it is, worle is its quality. I'liis fort confumes more 

fpecdily, and may fcTve to advantage where a quick fire is 

wanted; its odour, it is true, is very difagrecabic, but itsafhes 

are excellent. 

The turf which inclines to a grey or yellow colour, and ytlW 

which is mixed with reed, is always the worft fort, but always 
good enough to heal kilns or ovens, and its afhes are good; 
this fpecies is fcldom found below the depth of two ells; it is 


reproduced after fcvcral years. 

The fecond fpccics ol turf is the crumhling turf (viodtr-torf)^ Second fpecies, 
this kind is found more abundantly in Holland; its cutting and 
preparation require much more pains than the (urfacc turf. 

The third fpecies, or the inoiiTituin iu.7fp is dug up from pits Third fpecies, 
and galleries, and is reduced to regular forms like the preced- 
ing kind. 

It is objefted .o the uTe of turf that it cannot be employed Wood not pro- 
as a fubflitule for wood in all the places where wood is burned; P" 
but it (hould not be forgotten that wood itfclf is not lu tor every than turf, 
work where fire is required; that in order to be employed in 
founderies it miift be charred wiih much trouble, and with a 


■ Jofs of two thirds of its weight, and that wood as well as turf 
is of difierent qualities and produces different cffcdls. 


Turf 
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Turf miy 
charred* 


Advandgei 


Turf is »lfo fiifceptible of amelioration, erpecially ih^ fuf* 
face turf, the crimbling turf, and the mountain turf likewKe^ 
for it may be reduced to charcoal, and will thus fetve for every 
work which reqirires fire; and in this cafe it yields neither fmell 
nor fmoke. The more ftrongly the turf is comprcITed before 
id carbonization, the more excellent is the charcoal. 

Tocompcnfate/or the inferiority of turf to wood, granting 
the alt of jjjgi inferior, its ufe will prevent the great price which 
will olherwife neceflarily be paid hereafter for limber for build¬ 
ing, and will admit of the woodlands being proportionally re- 
Csbbagei* &e* duced; the places alfo where the furfacc turf has been 4ug up, 

^ ^ great a depth, may ferve for litu- 

been extcaAed* ations wherein to plant cabbages, beets, and madder, or they 
Itsnfeadmitsof will ferve for h(b ponds. The ufe of turf will admit of the 
^aufaaoriei HwUiplication of manufaflories which ufe fire, of mines and 
where fire it forges; aged perfons and children may be employed in pre¬ 
paring it; its alhes form a good manure, and the mould which 
fells from it may eaiily be converted into alhes. 


ufed. 


X. 

Experimctits on the remarkable Rffeds which lake place in ike 
Gajes, ly Change in their Habitudes, or eleSive AtiraSlitm, 
when nieckinical/y coniprejfcd, /i[y Thomas Northmork» 
£/q. In a Letter from the Author, 


To Mr. NICHOLSON. 


SIR, 


Devonjhire Streep Portland Place, 
Dec, J7, 1805. 


The satbor^t Xt was my intention to have poftponed troubling you with 
*uluica^*”*^ the following experiments upon the condenfation of the gafes, 

tmlll I had brought them to a greater degree of perfection 
bat being informed that feveral of them have already, by 
means of which I am ignorant, and probably in a mutilated 
Rate, found their way to tlie prefsi any further delay feemt 
improper. If then you dpem the prefent communicatioa 
worthy a place in your interefting JotAmal, it is entirely al 
your I'ervice. 

It 
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II had long ago occurred tome, that the various affinities Hh furp*icion 
^wliich take place among the gafes under the common prelTure the affim'- 
of the atmofpheref would undergo confiderable alteration bj^wouJd be'**” 
the influence ot condenfalion; and the fuccefs attending the^han^dby 
* violent method adopted by the French chemifls, which 
lence did not appear to me requifite, afforded additional en¬ 
couragement to my undertaking fome experiments upon the 
fubjefl. 

1 communicated this to the late chemical operator in the 
Royal Inftitution, a gentleman eminently converfant in the 
feienoe, and with whom I was then engaged in a feries of 
experiments : he not only approved of my defign, but feemed 
to Ihinjc it*not improbable that an exlenfive field might thus 
be opened to future diCcoveries. Wliellier thefe opinions are 
jufliy founded^ is now left for you. Sir, and the public to 
judge. 

In entering upon a field entirely new, obflacles were of oifficulties of 
Gourfe to be expe6ted: nor without reafon; for though I had the undertaking 
applied to one of the moft eminent philotbphical 
makers in X^ondon, Mr. Cuthbertfon, yet I began to fear, 
even at the outfet, that his (kill would be fet at defiance. 

The firft inftruments which he made for the prefent purpofe condenfing-* 
were, a brafs condcnCng-punip, with a lateral fpring forpu"ip. 
the admiflion of the gas by means of ilop-cock and bladder; 
two pear-fliaped receivers, one of metal of the capacity of Receivers* 
feven cubic inches, and another of glafs of about three and a 


half: thefe were connccled by a brafs flop-cock, having a 
Jerevv at each end. Tiie metallic receiver was foon found to Various objee- i 
be of little or no utility, as well on account of its liability louona. 
be aCled upon by (lie generated acids; its being too capacious, 
and thus confuming too large a quantity of gas; as becaufe, 
though the refult of an experiment might thus be known, yet 
the changes which the fubjefts might undergo w'ould necef- 
farily efcape obfervation. The glafs receiver obviated all 
thefe difficulties, and one or two imperteft experiments were 
performed with it; but the ilop-cock fpeedily failed in its 
cfTe^l. For the power of the compreffed gafes was fo great, 
partly from their elafticity, and partly (where affinities had 
operated) from their corrofive quality, as abfolutely to wear a 
ohannel in the metal of which the plug was made, and thus 
Vot, XIL—SuPPLXMiNT. «b to 
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to effisfl their efcape. But not to trouble you any farther 
with the obftacles that occurred, and which are mentioned 
only to prevent unneceflary expence to others, I have at lalt, 
by Mr. Culhbertfon's affiftance, procured a connefling-tube, 
to which a fpring-valve is adapted that has hitherto anfwered 
every purpofe. 5 a' Piute XIV. Fig. 2, 3 , 4 , 5 , 6. 

Xoftruments The inUnxments which I now ufe, are, 1ft. An exhaufting 

fyringe; 2d, A condenfing-pump, with two lateral fprings for 
Pump. different gafcs; Sd. The conneAing fpring-valve; and laftly, 

glafs receivers, which flioiild have been of various fixes, but 
the one mentioned above having burft, that wdiich Thave 
Ghfsreceiver, principally ufed in the following experimentsi is of about five 

cubic inches and a quarter in capacity, and made of glafs well 
annealed and a quarter of an inch in thicknels, Befides thefe 
inftruments, I liave orcafionally applied Mr. Cuthbertfon*s 
Syphongage. double fyphon-gage (See Fitf. (>), by which the number of 

atmofphcres condenfed in the receiver, or rather the elaftic 
power of-the gafes, maybe meafured ; but this is rendered' 
of lefs fervice, becaiilc a ftop-cock muft then be placed be¬ 
tween the receiver and Ipring-valvc, which frcqut.Uly impairs 
the whole expcrimcnl; and affo bcc.aufe, after a certain de¬ 
gree of condcnfalion, and aioie particularly upon the admix¬ 
ture of the gafe*;, new ailinitirs itfualiy take place, which lend 
Eighteen at- to diminifh the clafticify: the great eft nutnbei ufatmofpheres 
mofpheres gage has yet meafured, is eighteen. Thefe, Sir, with 

^ * feme bladders and fiop-cotks, various iron ferew-keys, and a 

wooden guard for the k-gs in cafe of burfting, conftitute the 
principal part of the appa^3tu^, 

I now proceed to the experiments, preniifing that thefirft 
four were made with the imperfect apparatus, when the gas 
was continually making its elcnpe tlirough the ftop-cock. 

Ljtpero/terU I, 

£xp. 1, HlJfo- Into the glafs receiver, of three cubic inches and a half 
Sd*nt**^en* t^®P*tcityf were compreffod in the following order; Hidrogen, 
gave water, and two (wine) pints; oxigen, two pints; nitrogen, two pints.* 
probably nitroua ypefult was, water which bedewed the infide of the re¬ 
ceiver; while floating vapours (probably the gafeous oxide 


• Thefe gafes therefore occupied about five times the capacity* 
they were condenfed into.—N« 


of 
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of nitrogen); and an acid which reddened litmus paper. Mr. 

^ Accum was prefent at this cNperiaient, and from his opinion, 
as well as from fucceeding experiments, I haveieafon to think 
(hat this acid is the nitric. 

’ Expti'imeni II, 

As a\llfference of arrangi-mcnl in the order of the gafes £xp. a. The 
tends confulerably to vary th** refult, I repealed the former 
experiment (having firft pomed a little lime-water into (he 
receiver) by inje^ing firlt I he oxigeii, about three pints, then 
equaVquantities of hidrogen and nitrogen. Much of this gas 
efcaped, owing to the iniperfeaion of the inftrumcnl; but 
upon the \i(fulion of the niUogen, the white vapours again 
appeared in the receiver ; water feemed llkewife to be 
formed; and fome yellow particles were feen floating upon 
the liine.vsater. The(e particles probably arofe from the re- 
linous fubflance, ufed in liillening on the caj) of the receiver, 
being diflblvecl by the nitrous gas iormed during condenfation* 

I would juft obferve, that liie magnet Jhcmtd to be affefled 
during lliis ^^xperiment; but as there is iron ufed in the ma¬ 
chine, this may be oiherwKe accounted for. 

llxperimcnl III, 

Two pints of carbonic acid, and two of hidrogen, were Exp. 3. Carbo* 

lubjefted to condenfation, 'J'he reiull was, a watery vapour, 

and a gas of rather offenilve fmcil. and a changed 

gas. 

Ljiprrithait IV, 

Trying to inflame phofpliorus by the condenfation of at- Exp. 4. Phof- 
tnofpheric air, the bottom of the machine (where it had 
repaired) burft out with an explofion. Tliis happened wlien 
I hid immerfed the apparatus in water to difeover where tlie 
air efcaped. The receiver was full of the luines of the pho(« 
phorus, which was ilfelf difperfed in the veflel of water* 

I afterwards rtpealed this experiment with the more pcrfefl 
apparatus, but I could not inflame the pliofphorus, and the 
fumes which arole at firft foon dilappeared. There was juft 
enough acid (probably phofphoric) formed on the infide of 
(be receiver to tinge litmus. 


Bb2 


Experiment 
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Experiment V. 

Zxp. 5. Repc- Having now the fprlng-valve, and new receiver of five’ 
ap-" inches and a half capacity *, I poured in two fcruples 
par/itus* offolution of potafli, and then injefiled two pints ofhidrogen,^ 

two of nitrogen, and three of oxigen. This quanUty was 
hardly fufficient for the capacity of the receiver, ar J the re* 
full was only a fcnell of the gafeous oxide of nitrogen, a few 
yellowifli fumes, and fcorce enough acidity to tinge the edge 
of the tefi paper: of courfe, I could nul ciTedl the formation 
of nitrate of potafh. 

Es])cnmcnt VJ. 


Sap. 6« Nitro* 

gen (hrft) and 
then hidrogen 
and oxigui* 


I now detenuined to begin with the nitrogen/ which al¬ 
ways appeared to me to undergo tlic inofi important chemical 
changes, and therefore injefied two pints of nitrogen, three 
of oxigen, and two of hidrogen. Upon the cuiidcntation of 
the nitrogen, it fpeedily alTumed au orange-red colour, which 
upon the acceifion of the oxigen, gradually diininifiied, and 
at length difappearedi though at firfi it feemed rather deeper. 
A moifl vapour, coating the inlide of the rcceivcjr, arofe upon 
the comprelBon of the hydrogen, which moiflure w as firongly 
acid to the talie, coloured litmus^ and, when very mudi di¬ 
luted with water, acted upon lilver. 


LipermcTU, VIL 


Exp. 7. The 
6me> but diffe- 
tent arranga* 
meat* 


Nearly the fame as the lafi, but with different arrangement. 
The nitrogen, three pints and a half, was firlt introduced; 
then the oxigen, two pints; and next the oxigen, three and 
a half. The nitrogen formed the orange-red colour as before; 
the hidrogen produced while clouds at firil ffyuzrreammonia?) 
which afterwards difappeared, and the orange-red colour be« 
came lighter; but upon the afi'ufion of the oxigen, Ihe colour 
did not difappear as in the laft experiment* bul, if any thing, 
became darker. I then injeded two pints more cf hidrogen, 
but this had little or no effed upon Uie colour. Some vapour 
was generated, which was, as ufual, firongly acid. 


Experiment VIII. 

Xxp. S« Kitro- Previous to the burfling of the fmall receiver, I had pul in 

gen over lime- it a fcruple of lime, and condenfed upon it three pints o 
water* 

^ One filth,part of a pint very nearly.— 

nitrogen* 



AlP^lKiTlES OF COMPRESSED GASES* 


373 


nitrogen. Tlie refult was, a little reddifli colour at 
• which foon vaniflied. Upon repeating this experiment in the 
large receiver, I could produce no colour at all. In my pre- 
font ftate of knowledge I am unable to account for this cir- 
* cumfiance; but as foon as I get my new receivers of a fmaller 
capacilV, 1 mean to repeat the experiment. 

Befides the above, I have made various other experiments 
with difTerent gafes, but I think it right to repeat them with 
greater accuracy before I fubmit them to the eye of the public: 
if upon that repetition they appear to me to be attended with 
refuits of fufiieient importance to occupy a place in your 
Journal, I will take the liberty of communicating them to } ou, 
and am. Sir, 

Your moft obedient fervant, 

THO. NORTHMORK. 


P. S. I think it neccflary to add, that during the courfe 
of the above-mentioned experiments, there was a great varia¬ 
tion of temperature in the atniofpheie, from the heat ol 70 
degrees ol Fahrenheit to the cold of 33. 

lirplamtion of the Figures, Mr, Cuthberffori. 

Fiv '^3 4 3- Plate XIV. reprefents feclions of the fc-Description <*f 

veral parts of the fpring-valve for the condeniing lynnge; a is 
a female ferew, intended to receive the male at tire end of 
the fyringe; i is a fquarc, to which is a key to ferew it per- 
feaiy light to the fyringe: d, Fig. 3. is a female ferew fitted 
to the male c; e is a male ferew fitted to the female of the 
glafs receiver; Fig. 4. is a round Heel arbor, turned with a 
conical part and flat Ihoulder ala; a4 is a fpiral fpring; Fig. 

is a hollow brafs cylinder ferving as a cover and guide to 
Fig. 4; the piece Fig. 2. has a fmall hole drilled through the 
center, and turned out at the end c, fo as to fill the cone a, Fig. 

4; Fig. 3. is turned out at / fo wide as to receive Fig. 5. 

If the plane fliank of 4 be put into the hole a c tiH itt 
cone fliut clofe into the hollow cone ate, Fig. 2. and the other, 
end with the fpiral, covered by Fig 5. Icrewed light upon the 
flat end of c, and d be ferewed to c, all thw joints being 
properly fupplied with oil. and leathers, it is fitted for ufe. 

Fig. 6. Reprefents a feaion of the condenfing or double 
fyphon gage, being a glafs lube bent into the 
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figures, (he end a is mounted with a brafs fcrew, having a 
hole through it correfponding with the infide o(' the lube, the 
leg 6 c is filled with mercury, and d is hermetrically fealed; 
dc is divided into atmotpheres. 


XL 

jeenunt of a Graphomdtrfor 7}icafin hig the Angi ? of Crj/ftaL 
Jtt a Ltilerfrom Mr, Robert fiANrKs, No, 4-1 1, Strand, 


To Mr. NICHOLSON. 

SIR, 

tarm advantage ][ NEED not point out to you, and to the loarnod readers 

ot dnlrngutming , « , T , ti . ■ 

niinLiu]h by theirOf your Journal, how great the advantage wjll he, whenever 
the lame may be realized, of dillinguithing fubjecl'; of the 
mineral kingdom by (heir CKternal appearance. This has 
long been done, with confiderable preeifion, by o|)erative 
men who have acquired iheir (kill from continued pradicc, 
but without being able to communicate the ledge they 
polfefs by any fimpie indications, fucli as might be given in 
writing, or through the medium of the profs. Neither need 
1 on this occailon point out how much we are indebted to the 

Cryflaliography. labours of Bergman, Rome de Tlfle, and above all, Haiiy, 

for fcientific invefligations of thfe forms of cryflals, which 
at prefent bid fair to afford uscrticrions of the mofl exienhve 
ulie. My prefent objeA is to communicate what I hope will 
be thought one Hep, however fmall, towards facilitating the 

Cuangeau's admeafurement of their angles. In your lirfi vol. at page 132, 

you have given an account of the graphometer of Carangeau, 


which is now conliderably known and efleemed. I have 
rendered that inflrument fomewhat cheaper, and eafier in the 
execution, and more corre£l in its afe, P'or the fake of thole 
who roay not have that volume at handg I (hall briefly Rate, 
that the inftrument conADs of a femi-circle, like that which 
I am about to deferibe, and a pair of compalTcs or legs having 
their centre in the centre of the femi-circle, but capable of 
having their'points drawn back, To as to admit of their ap^ 
plication to any fmall cryflals. The arc of the femi-circle is 

divided 
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divided into two quadrants by an binge, fo that one part may 
be turned back out of the way of any mineral, which may 
require to be brought up towards the centre for admeafure- 
mcnt; and the fame arc can afterwards be reftored to its 
place, in order lo flicw the degree and fraction of the angle. 

I n myVimproved inflrument I avoid this joint, and obtain ImprovH prj. 

a much firmer framing by making my arc in the form of ^ 

prolraftor, as in Fig. I. Plate XV. having an hollow centre at entire, and the 

^A, and a ftud at B, both lying in the direfiion of that *”■, 

1- . 1. » . ... ... callipers arc ufed 

diameter wdiich terminates the graduations. The com panes, ftparatdy for 
*sr racial, or legs, are (liewn in Fig. 2. feparate from ihe’arc. 

Their centre C i*; made like thofe of the common proportional appM to”the 
compafle^, and admits of the legs C D, C F being confidcr-temlcircle tw 
ably lengthened or Ihortencd when the tw'o pieces are applied 
to each other. D E the fixed leg is reprefented as beneath 
F O the moveable leg or radius, and the lower end of the 
centre pin is made to fit the bole A precifely» at the fame 
time that the ftud at B being admitted into the long perfora¬ 
tion towards E, the piece DL becomes ficadiiy attached to 
the femi-^irefe) as is Icen in Fig. 3. 

The ufe is obvious. The cryflal tnuft be meafured by thd 
detached compaflfes as in Fig. 2, which are much more handy 
for all deferiptions of minerals than Carangeau^s entire in- 
Brument; and when thus fet, if fig. 2 be applied to fig 1, 
as before directed, the angle will be read of at Uie fiduciat 
edge of G. 

1 hope you and your readers will confidcr this as the ufcful 
fimplification of a valuable inftniment, and ftiall be happy to 
receive your fanftion by its appearing in a work fo geneialljr 
known and efteemed as your Journal, 

I am. Sir, 

Your obedient Servant, 


Jiov. 1« 1805. 


ROBERT BANCKS. 
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Philojbphioal TranJhSiom qf the Royal Society London for 
1805# Pori IL Quarto 353 pages, tcith an Index, and Six 
Plates, Nicoll. ^ 

This part contains the following communications^ 1, 
Abfirafl of Obfervations on a Diurnal Variation of the Baro* 
meter betw^een the Tropics. By J. Horlburgh, Efq. 2- 
Concerning the Difference in the Magnetic Needle, on board 
the Inveftigator, ariiing from an Alteration in the Diredlion 
of the Ship’s Head. By Matthew Flinders, Efq. Commander 
of his Majefly’s Ship, Invedigator. S. The Phyfiology of 
the Stapes^ one of the Bones of the Organ of Hearing ; 
deduced from a comparatire View of its Stru£iure, and Ufes 
in different Animals. By Anthony Carlifle, Efq. F. R.S. 
4, On an Artificial Subftance which poffeffes the principal 
Chara6leri(lic Properties of Tannin. By Charles Hatchett, 
Efq. F. R. S. 5. The Cafe of a full grown Woman in w'hcm 
the Ovaria were deficient. By Mr. Charles Peafrs, F. L. S. 
6. A Defeription of Mal-forroation in the Heart of an Infant. 
By Mr. Hugh Chudleigh Slandart. 7. On a Method of ana¬ 
lyzing Slones containing fixed Alkali, by Means of the Boracic' 
Acid. By Humphry Davy, Efq. F. R, S. 8. On the Direc¬ 
tion and Velocity of the Motion of the Sun and Solar Syilem. 
By William Herfchel, L. L. D. F. R. S. 9. On the re- 
produ£lion of Buds. By Thomas Andrew Knight, £fq. 
F* R. S. 10. Some Account of Two Mummies of the 
Egyptian Ibis, one of which was In a remarkable perfedi 
State. By John Pearfon, Efq. F. R. S* 11 • Obfervations 
on the fingular Figure of the Planet Saturn. By William 
Herfchel, L. L. D. F. R. S. 12. On the Magnetic At¬ 
traction of Oxides of Iron. By Timothy,Lane, Efq. F. R. S. 
l.‘L Additional Experiments and Remarks on an Artificial 
Sttbftancc, which poffeffes the principal Chara£leriflic Pro¬ 
perties of Tannin. B^ Charles Hatchett, *Efq. F. R* S. 
14. On the Difeovery of Palladium, with Obfervations oti 
other Subtiances found with Flalina. By William Hyde 
Wollafion, M. D. F. R, S. 15. Experiments on a Mineral 
Subftance, formerly fuppofed to be Zeolite, with fbme Re¬ 
marks ^on Two Species of Uran-glimmer* By the Rev- 
William Gregor. 
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of the Boyal Socieii^ of Edinburgh (bting the Con* Tran&£lions sf 
tinuation of Earl IL to:;cthtr zvitk Part IIL qf the f^fth detfof 
, / olurncj Edinburgh ‘Quarto 100 pages Continuation of Pari burgh. 

II, md 12G Pages, Part IIP No Plates. 

THE heads of memoirs and communications made lo the 
Society fince their lad publication are difquilitions on the 
origin and radical fenfe of the Greek prcpofilions, by Mr. 

.James Bonatji and experiments on the contra6lion of water 
by iieBt, by Dr. Thomas Charles Hope. Thefe two pagers 
ol which the latter is inferted in our Supplement* complete 
the fecond*part; and the third part contains the biftory of the 
Society confiding of the following articles. 1. Of the Diurnal 
Variations of the Barometer, by Mr. Playfair. 2. Aurora 
Borealis obferved in Day-Light, by the Rev. D. Patrick 
Graham. 3. Phenomenon of Two Rain-Bows interfering 
one another, by Mr. Playfair. 4. On the Combuftion of 
the Diamond* by Sir George Mackenzie, Bart. 5. Remarki 
on the Bafi^ts of the Coaft of Antrim, by the Rev. Dr. 

Kiebardfon. 6. Rule for reducing a Square Root by a con« 
tinued Fradion, by James Ivory, Efq, 7. Singular Variety 
of Hernia* by Mr. Rutfel. S. Concerning the Charlreufe 
of Perth» by the Abb6 Mann. 9. Explanation of the Old 
Word Skull or Skoll, by the Rev. Dr. Jamiefon. 10. Bio* 
graphical Account of the late Dr. James Hutton* by Mr. 

Playfair. II. Minutes of the Life and Charader of Dr. 

Jofeph Black* by Dr. Fergufon. 12. Appendix Lid of 
Members elefled fince the Publication of the lall Volume. 

13. LiH of Donations. 

\ 

Aiodeviical Infiituliotis in America. 

THREE Inftitutions for the proraotit^ of Natural Phj- 
lofophy and th,; ArtS| having been cflabliflied in the unit^ 

Rates of America, not many months ago, of which no notice 
has hitherto appeared in this work, it is hoped the following 
account of them will not be unacceptable. * 

The*firft is an Academy of the Fine Arts, of which the 
firft idea is due to Mr. Livingfton: The public were fo 
fenGble of its importance, that long before the arrival of the 
VoL. XII.-SorPLBMXKT. C c platfter 
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pTaifler of Paris cafl*;, which he prefented (o the infs^nt 
Society, the number of fubfcnbers, at 25 piaflers each, 
amounted to 180. 

The fecond Inflitution is a Botanic Garden in th^ neigh-* 
bourhood of New»York ; as yet but a fmall part of the 
treafures of the vegetable kingdom are to be feen In it, but 
the admirers of botany haden to fend to it every intercfling 
plant which is to be found in their vicinity. The charter of 
incorporation of the fubfcribers, is entirely conformable to 
thf views of the founders of this garden of plants, and ac¬ 
cording to cufiom, enfures the permanency of (he eftablifh* 
Inent: when the hot houfes are finifhed, it is expefled, that 
the colledion of every thing rare and moll interefling, pro¬ 
duced by the fouthern (fates, will be compleated. 

The third Inflitution is an agricultural fociety, eflabliflied 
at Wafhinglon, under the fpecial proteQion of go\'ernraent. 
The prefldent of the United States, who is a mofl enlightened 
figriculturifl, the chief men of the adminiftralion, the fena- 
tors, and the deputies of congrefs, are all members of it 
Officially. The fociety being now wealthy from the fums 
granted by government, and the numerous fubferiptions of 
affociates and correfpondents, have purchafed an handfome 
boufe, and a farm of thirty acres; they have alfo began a 
library; and are in pofleffion of the fine colle^ion of ploughs, 
and other inflruments of Agriculture, which formerly be¬ 
longed to general Wafliington ; the form of its adminifiration, 
the number and the fucceffion of its members, the capital 
twhich it may poflefs (fpecified in buOieh of corn) and its 
whole organization is regulated by its charter of ir.corpora^ 
tion; which confiitutes this aflbeiation a body politic, and 
fixes the perpetuity of its continuation: It is reported, that 
the anfwers which it returned to the numerous queflions 
'propdfed by (he focieties of the different dates (ooa 
after its eliablifhment, will form a very interffiing worit 
which will foon be publilbed* 
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Criterion qf IJfe» 

Dr, STRUVE has contrived an apparatus which is men-Cnuno^ of* 
tjoned in the foreign Journals, but not dcfcribed, The^^®* 
objedl of Its application, is to (hew by means of galvanifm, 
whether the appearance of death be real; a purpofe fuf* 
ficienl^y interefting to every human being, who has for a 
moment reflected on the fatisfaftion which recovery from 
appa^e.nt d 'th rouft give to the friends and relatives of the 
fuppofed to be dead; and on the fti!l more ira- 
picthve drtudful incide i: of recovery after burial. Our 
galvanic and anatomical pinlofophers will :ind no difficulty in 
*)r»p!ying tl'*s powerful agent lo lo goon a purpofe, in which 
vUe learnv^d Doflo- has the icrit c" the lead, 


Mr, SESSKEN who has fiK'cefsfulIy laboured in the con- 
flruaion of a reflefliJig telefcopt thirteen feet focus, has 
lately fiippired the Obfervatory at Lilien^hal, with two mirrors 
of fifteen feet focus and eleven inches ^tperture, which prove 
to be excellent, and bear the magriiyii'g power of 2000 
very well, on the proper object;, and at Inch fcalons as axe fit 
for making obfervations of this nature. 


2^umbcring of Honfcs» 

A NEW mode of numbering houfes lias lately teen 
idopfed at Paris, which is attended with much ads’antage, 
md deferves to be followed in this country. Over each door 
he numbers are painted in large diftinfl charafters, and in 
;onfpicuous colours; they are generally eillier brown or 
■ed on a yellow ground, furrounded by a blue fquare; but 
Ihe'principal fiugularity, which is the objea of this noUce. 
is, that all the odd numbers are placed at one fide of the 

(Ircet, and the even numbers at the other; 

te . 10 "ce on .nleri.g the Artel. M 
Ihe ».( the houfe is. »hich IS (ooght fa i b, »h,ch n.«* 
itae me, be fared, not only b, Us nsalung '• 
to ctofs the Sreet more than once, bat alfo by ^ J 
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|)revehting the (rouble ef returning back again on the othef. 
fide of the Areet from that already pafled, to find a particular 
number, which often happens, where the old method of 
numbering is ufed, from the order of the numbers proceeding* 
regularly down one fide of the fireet, and back again in the 
reverfed diredion on the other; and which, when the fireets 
are very long, as many are in this metropolis, is often at¬ 
tended with ferious inconvenience; but in the new method of 
numbering, this can never occur, as in it the numbers pro* 
ceed in the order of progrelSon in the fame diredion ii both 
(ides of the (Ireet, 
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Beaunier and Gallois, experiments made 
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Bedford, Duke of, 193 
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Cafeletti, earth pf, 326 
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Catgut manufadtories prejudicial to the 
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Cerite, expeiiments on, 105 
Cerufc, pure and beautiful, 143 
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Cltarkow, Univerfiry of, 298 
Chjits printed by moveable types, 300 
Chenevix, Mr. on artiHcial tan. 327 
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Cobalt, pure, method of obtaining it, 
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Corn, dilcafes of, 1451—Country namps 
eff »47 


Corneta 



INDEX. 


^Corneen §lone> or cacholong, 321 
Cgrrefpondent, »» on the Hate of pro* 
vincial^ fcjentiAc and literary focictics^ 

CrounCy Dr^ his difeovery of the expan* 
Hon of water prior to freezings 340 
Cirowy an'Amencani Anecdotes of, 194 
Cruickfliank, Dr. 59 
CuinberUnd, G. £fq. on the difeafes of 
corn, 145.—On a project for extend* 
iuC^oads on an inclined plane, z66 
Cnraudeau, M. 274 
Curriers’ fpcntoil, 

Curwen, on draining lands, 177 
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miflTion of fleam, a 
Draining land, experiments on, 177 
Du Hamel, 133.—On the fap of trees, 
J09, Sec, 

Dundonald, Lord, on the analyfis of foils, 
8i 

Dye -houfes, rz5 

E, 

Rlecampaine root, experiments on, 97 
Eleftric fpark, may confifl of light driven 
fiom comprefled air, 214 


Electrical machines, improvement in, 
X03 

Electrical conductors, S97 
Elkingtoii, Mr. obje£tieni to hit mode , 
of making drains, 177 
Enquirer, an, on inftances of waftefut 
negligenca in certain northern fifliories, 
269 

Excitability of the parts of animals by 
galvanlfm, xoo 

fi 

F. A. his account of thermometers foe 
regiflering temperatures in the abfence 
of the obferver, 215 

Faujas, on tlie eruptions of ancient voU 
canoes, 332 

Firc>arms, on the Initial velocity of pro* 
jeftilesdifcharged horn, 41 
Fiie>works unknown in Europe, def* 
cripllon of, 273 

Fiflier, Mr« his Improved method of 
blafling rocks, 172 
Fluids, conducting power of, 133 
Fogget, M. on blafling rocks, 60 
Force, power, rife and application of the 
terms, 8.*«-Definition of, 9 
Fortification, prizes In, given by the 
French minifter of war, 300 
Fofler, Dr. 131 
Fothergll, 250 
Franklin, Dr. 297 

Froft, perpetual, prevalent in the abylfts 
of the ecean, 220 
Fryer, Mr, Michael, 225 

C. 

4 

Callots, fee Beaunlcr. 

Galvanlfm, gp.—New difcoverics in, 99 
Gafeous oxide of carbon, fie carbon 
Gafes, compreffed, affinities of, 368 
Geneva, Lake of, fudden and irregular 
fail of, 198.—Explahatlont by various 
authors, 200.—Singular appearance of, 

h 2 nc2 
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SOS.«»<Ob]ei6Kcriis to the theories quoted 
aoj.^Anotlier theory offered, 104 

Ceographicii dlAIonaiy of Kuffia, 303 
CcogFAphy, 297 
Geometry, 296 

Giddy, Davies, E(q* M. P. on the in- 
viSUe eiuiflion of ffeam and Tmoke, 1 . 
Remarks on, fay W« N. 47 
Cicfecke's propofed expedition to Green* 
luidi 299 

Griding oA metals, detrimental to the 
health of the workmen, 127 
Gilpin, Mr« his experiments on the ex- 
panfion of water, 343 
Gioimetti, Dr. 277 

Ciofaert on the magnefiao earth of Batidif- 
Yero, 277, 284, 320, &c. 

Goencr, 301 
Goodwin, 250 

Gough, John, £fq» on the division of an 
arch of a drek, 225 
Graham, Mr* 132 

Ora^hometerlbr'iQeafuriag the angles of 
cryftals, 374 

Gravity, weight and heavinefs (erma 
mdmitdngof diftindtion, 14 
Greek words found in ^e American dia- 
leffs, 191 

Cfe'cnland, propofed mmcndogieal ex¬ 
pedition to, 299 

Gregory, Mr. O. on mechanic power, in 
reply to Mr. Hornblowet, 7 
Onf&th, Maurice, bis' relation refpeAing 
rthdie Wdeh Ameiican Indians, iS^.*** 
Obfervations on, 187 
Grofaert, colonel, his machine for mea- 
furing projcdliles, 42, 45 
Gums arabic and adracanth, expetiments 
on, 256 

Guyton, Morveau, on manufaftorics in¬ 
jurious to health, »2 

Kitith Mr. 30J 

Hytoga^Mc* fthtaipiBg the Affronomkal 


prize of Lelande, 142.—Hia newly * 
difeuvered ftar, 2S8 

Haffenfratz, J. H. on the adt of bending 
wood, 30 * 

Hatchett, Mr. on artificial tan, 327 
Hauffman's experiments to afeertain the 
heft colour for marking pieces of cotton 
01 linen, 206 

374 

Heat, invi'digations rrfpefting, 65, 72, 
54.—Apparatus for tranfmitting &wn- 
wards thiough fluids, 136 
Heavinefs, /ff Gravity. 

H|dwig, 239 

Hemp, new procefs of fteeping, 

Its manufaffurc injurious to health. 
See, 124 

HerfehLi, Dr. his experiments on tele* 
fcopes, 285. — Obfervations on Mr. 
Harding's newly difeove^d planet 
Juno, 289 

Henngcr on ccritc, 105, i 2 )S, ii 9 
Hoodlcfs, Mr. 179 

Hooke, Dr. on the expanfioA of water, 
34* 

Hope, Dr. on the deniity of Water, 180 
•^On the contradlion of water fay heat, 

339» 36 * 

Horn, Mr. 61 

Hornblower, Mr. J. C. reply to his rc* 
marks on mechanic power, by M* Gre- 
gory, 7.—Hts dcfcriptioii of the framed 
Work b\ which the roof of CUphaoi 
cluirth vva:. raifed, 176 
Ho\v.>id, Mr. on meteoric^fiones, 3 
Humhnblt, on the longitude of Mexloo, 
297 

Hutton, Dr. on the velocity of pro* 
jedicles, 42 

Huygens's throtems extended, 296 
Hydraulic machine, by Mr. Clofc, 
cription of, 16 

I. 

Identity of aalmal exerthm tnd mediairfc 
power, $ 


lAdoftani 
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Indoihn^ Angular method of conAruA- 
ing walls and roofs there» 313 
Inftruments rcquifttc for the analyAs of 
foilst 83 

InTernefsy advantages which would re(ult 
from ^ the e^lab)i^hIsenc of a public 
library there^ ft68 

In viable cmiAion of Aeam a^d fmoke^ 

>47 

IroHi caft and mallcablc| experimenu on> 

3 \ 

izarn» Dr. 3 

j* 

Jackfoni Rev. Mr. 246 
Jagifho^ an American animal of former 
tlmeS| account off 139 
Jelfcrlon* Mr. 141 
Jeflbpf Ml- on blafling rocks, 60 
J. P. on light as a body, 104 
Juno, the^planct, obfcrvations on the 
nature and magnitude of, 289 

K. 

Kirwan, Mr. on the AnalyAs of foils, Si 
Klaproth on falfe tungfteln or tcrite, 103 
death, 142 

Knight, Andrew, Efq. on the ftatc in 
which thr true fap of trees is depofited 
during winter, 240, 308 
Kcxlzfon, a new muAcal inftrument, 142 
Kotzebue on the ancient MSS. found at 
Portici, 303 

L. 

Lalandc's aftronamical prize, 142 
Lampadius, G. A. on the difference be¬ 
tween call and malleable iron, 34 
Languages, elementi of, 8 
Lavoifier, 250 
LawAn, Mr. 132 

Lead, fulpbate of, on its dccompofition 
by muriatic acid, 221 


Leather, compounds ufed in drtfling, 22a 
Legoux de Flaix, on the baked walk and 
loufs of ruiat buildings in Indoftan> 

3»3 • 

Leipfic fair, 300 

Leverian Mafeum, to he fold, 144 
Lewis, Dr. on water ^blowing maehmea, 48 
Light may be aa ftrongly refledfed by m 
rough furface as by a fmooth one^ 
74. Queftion refpeAtng, 104. w 
Experiments on, x66 
Linen, &c. compound for marking, 207 
Linnaeus, 131 

Literary and Phllofophical Society at New- 
caftle upon Tyne, twelfth report, 60 
Luc, M. dc, his experiments on the cx* 
panfion of water, 342 
Luminous bottle, method of preparing^ 
276 

M. 

Me Gilivray, Mr. 190 
Macquer, 277 

Madoc, or Madog, the Welch prince, on 
his fuppofed emigration to America, 
iSS 

Magiffrates, caution to, 128 
MagneAan earth of Baudiflero, 284, 320 
Manufadfories, from which a dlfigreeable 
fmcll arifes, fdutlon of a quellion con¬ 
cerning, 122 

Marking linen, &c. composition for, 207 

Mai 1 ()ufk}*s new mufical inArumen^ J4Z 
Mathcyk machine for meafuring pro- 
je^ftles, 42 

Maufuleum uf the Arch-Duchefi, Chrif- 
tiana, 301 

Mechain, on the occultatlon of vfcorpio, 
297 

Mechanic powers, on, 7 
Medical inAitution, 62 
Menzies, ^50 
Metallic vefl'ela, 72 

Metals lofu nut their power of reAc<flirg 
with their poliAi, 74 
Meteoric Aonc^, otif x.-^Analyfis of, 3, 

A;. 
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hypothefis refp<6ing*tlieir 

origin, 6 

iAcuinitry Gcneraf, T15 
Jblexlco, longitude ofj accuiately deternainr 
cd, Z97 

^lildevr tn corn*. 147.—-Does not arile 
from UD external caut'e, 148 
.l 4 Uk» memoir on» by M* Thenanl, 218 
Mineral predations, how far pernicious 
to the health of thofe employed, and 
to the neighbourhood* izj 
Mineralogical expedition to Crtenljiid 
propofed, 299 
Molard, 124 
Monge, 124 

h1on$. Van, ijiforniuiion by* refpefling 
cerufe, i43«-^On the prevention of 
putrefadion, 144 

Morning Chionicle* cxtraOl fioin, giving 
an account of the eruption ufVcfuvius, 
222 

Mud walls of Induilan*. 3 X 3 
Muriatic acid, comp' Htion of, 5$ 
Murray's experiments on fluids, 134 
Mufquet barrels burft by a charge of gun* 
powder conflned by fand, 40 
Mufical inftiument, new, X42 


N. 

Kamnr, cylindrical bellows of, 52 
Kapion, 277 

Kewton, Sir Ifaac, 7, 112 
Mlccolanum, /re Nickcline 
l^icholfon's cxpeiiments on fluids, 134’ 
> 4 ickel, on, 75.—Malleable and magnetic, 
77, 78. £xtcinal character, ib.—* 
Specific gravity,‘ib.—A noble metal, 
7S, 8o.-*-Its magnetic property weak¬ 
ened by copper, anddeftroyed by aifenic, 
Adlion of acids on, ib.—>Bcft 
mode of forcing from iron, ib*«—Oxide 
of, So.^Precipitates, ib. 

Mickeline, a newly difeovered metal, 261. 
M>£xpcrimcnH on, jb« 


Kotchmore* Mr. T. on the effefts which 
take place m gales, when cuinpieflady 

O. 

Oakley, Mr. 149 

Occultation of die plelades by the moony 
of w fcorpio, and of the comet In 174^, 
297 

O’bers, Dr. 293 ^ 

Oughtred, 225 

OxigOn and hydrogen may unite by pref'*' 
fure, 212 

Oxigen gas more produflive of carbonie 
acid, in refpiration, than atmofphcrlc 
air, 254 

P. 

Pacchioni, Dr. on the compofltiun of 
muriatic acid, 58 
Pallas, Dr. 133 

Pape, the Rev. D. his improvement of 
Rye Harboui, 245 
Paper manufactories, 124 
Peelc, Mr. on muriatic acid, 59 
Pclieticr's apparatus for ob^ining car* 
bonute of potafh, 274 
Pennant, Mr. cxtraCl of a letter from 
relative to the non-exillcnce of Welch 
Indians in America, 190 
Peterhead, in want of a public library, 
268 

Pfaff, Profeflur, his new experiments on 
refpiration, 249 
Piaxzi, Mr. 293 

PiCtec on the occultation of the pleiadea 
by the moon, 297 
Pignotci, Sig. Lorenzo, 58 
Piracy of books punifhed, 30X 
Piron, Mr. on the temperature of the fca. 
220 

Plowman, T. lifq. his improved .Sheep- 
fold, Z92 

F. M’s quotation of a defeription of Hre* 
works unknown in £uropc, 273 

PorcelaxQ 
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PoTCelam earth, analyfis of, 277 
Poi'tici, ancient manufcripts difeovered 

Poudrette manufadtorka, 125 
PoulUouen iron works, 48 
Poufehkin, Count, on the folutioo of 
chromate of lead and iiWer, T44 
Powfl, pavid, his account of the emigra- 
tion of the Welch, under their prince 
Madoc, iSS 

mechanic, on, 7.«^Indcntihcd 
with animat exertion, 8.—Rife, ap* 
plication^ and dcunition of the term* 
ib. 

Prieur, memoir by, on colours, iiz 
Prince's impruvement in the air>punip> 
306 

Prcjettilc^, method of mcafuring the 
initial velocity or, 41 
Prony, M . 10.—His method of nieafur- 
ing the initial velocity of projectiles 
dithargeiPfrom fire-arm^, 41 
Provincial Societies for fcientlhc and 
literary impitjvcmciiti, (fare of, 267 
Prouft ProfcHor, on the mcceunc Hone 
of Sigcna, 2 

PruHian blue manufactories not pre¬ 
judicial to the health, 128 
Puilrefai^tion, animal, pernicious in pro- 
ptirtion to us humidity, 1:5.—Pre¬ 
vented, 144 

purzolana, tadlitious, 331 

R- 

Radiation of heat, 74 
RaJ roads, 266 
Reaping, on, 153 

Refpiration, chemical rcfcarchcs concern- 
ing^and fliort hiftoryof, 249.—New ex¬ 
periments on, 250 

Refled^ion of Ivat by polilhcd and blacken¬ 
ed Mies, 66 

Reverberatory furnace for experiments on 
caft and malleable iron defcribcd, 34 
Rickman, ProfcHur, 297 


Richter, Dr. J* B* on pure nickel, 

On a metal much refembting nickel* 
261 

Ritter, Mr* on galvanifm, 99*—Biogm« 
phical notice of, loi, 102 
Roads on an inclined plane, projeft for* 
266 

Robertfoa, Dr. i 83 .-^His balloon, 39B 
Robins, Mr. Benj* 41 
Robinfun ProfefTor, 7.—-Correction of fl 
mi Hake in ix.^Diftinftion between 
gravity, weight, and heavinefs, 14 
Rocks, Ml. Jelibp's improved mode of 
bialting, 60 

Roebuck, Mr. on water-blowing mi« 
chines, 55 
Rome de lUfle, 374 

Rofe, Mr* on the dlfcovery of a new 
vegetable fubftance, 97 
Rumloid, Count, remarks on his ex- 
pnimenls on the denfuy of water, 2S« 
—Oil the vjiocity of projectiles, 4U 
•^On hc.u, 65, 154.—On coloured 
iliaiows, ii4.~His opinion on the 
nun*condii£ting power of fluids con» 
troverted, 133.—On the expanfloA of 
water by beat, 343, 351 
Rufliin marine inftitution, 302.<—*£fta- 
blifliments for Education, 302»-»Geo- 
graphical di6lionary, 303 
RuH in corn, i49.**Prevented by ftceg- 
ing, ib. 

Rye Harbour, account of ibe means ufed 
to make it navigable for fliips of 
cnnftderabtc burthen, 245 

S. 

a 

Sal-ammoniac manufactories not 
jurious to health, 128 
Salt of the fea, origin of, 59 
—— fpirit of, manufacture of, net in¬ 
jurious to the health of the neighbour¬ 
hood, J27 

Salts, dcliquefccncc and efllorefccnce of, 
240.—'Experiments, 24i»wRemark¬ 
able facts, 244 

4 Salts 
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8k1t9« de1tque(cent» tabte of^ In the order 
of iheir ettraAtoiif 042 
Sand, an ufeful affiftant to giin«powder xn 
0 blaftlDg n>cks» ftc* 4X» 60, 171 
Sap of trees during winter^ 233, 3o8»>~ 
Evpetimenu eii« 234 
Savereio die engineer» notice of his death, 

*43 

Saw-aakera, their method of hardening 
fltcl, 63 

Sciendfic News} for Aaguft, 58.—For 
Septembefy 141.*—'For Odtober, 220. 
-^For Norrember, 296 
Sea, temperature of, 220.—At great depths 
eternally froseo^ ib* 

begum, 250.—On the oil ufed by Cur> 
ricrs, 220 

Sheepfold, improved, 192.-*—Advantages 
of, ib.^Mcthod of placing on hilly 
grounds, 193 

SIgeits, account of a meteoric ilonc, 
which fell there, 2 
SiUlmaii^ Benj. Efi}* 305 
Singer, Mr. on an improved mode of ap¬ 
plying the points in eiedtrica) machines, 
t03 

Six's Thermometer, objedtions to it, 216 
Slaughter houfes, 123 
Smexton, Mt« xo, 13 
Smut in com, 148 

Soils, analyfis of, 8t.—Subftances found 
in, lb.—Inftruments re^uifite for, 83, 
Mode of coilcding, 83.^Afcer- 
tainisig their fpccific gravity, 84.— 
Phyfical properties, ib.—Quantity of 
water abfbthed by, 85.—Separation of 
extraneous matters from, 85, 86.^ 
Examinatixm of 86, drc.MFr(idu£l5, 
9]« — Simplification of the analyfis. 
Improvement of, 93*—Difference 
•funder different ctimates, 94 
pofitioa of, ib.-*Renderad fertile by 
ehaSging the compofition of the earthy 
parts, 96 

Soium*s Journal, extmft from, 276 
Sprlhg*, method of making, 63 ^ 


Starch, a powder refembiing, obtained 
from elecampane root, 97.—Manufac- 
tnxies, 124 

Starck, N. D« Bfq. his compafles for 
taking beirin^s in a chart deferibed, 
224 

Staunton, Sir G. his embaflTy to* China, 
extra^ from tlu* account of, 273 
Steam applied to ailill the refining of iron, 
37.—Its invihbie cmifiion into the air, 

47 * 

Steam-engine applied to carriages, i.*-" 
A portable one, 174.—Improvements 
in, 294, 316 

Steel, blued, properties of, 63 
Steeping hemp, 61.—Grain to prevent 
fmut, 149 

SceinacKet, M. un carbonate of pota/h, 
*74 

Steward, profefTor, 8 
Stone&, meteoric, on, 2.-^Shoiver of, 
3.—Analyfis of, 3, dcc.—Ncw 1typa« 
thefis refpeffing their origin, 6 
Straw, obfervations made on difeafed, 151 
Succulent plants, prefervation of, 64 
Siig.xi, n(.w mode at obtaining ftoni beet* 
root, 259 

Sulphate of lead, fee lead 
Sulphuric acid, manufactories of, 126 
Syphon, inverted, Mr. Clofe's method 
of raifing water by means of, 16 

T. 

Tan, artificial, prepared from coal, iec* 

3»7 

Tafiacrt, M. 105 

Tclefcopes, experiments fot afeertaining 
how they enable the fpedlator to dif- 
tinguiih the real diameter of objedts, 
285 

Tcfiier, X24 

Theatre in the Crimea, 302 
Thenard, M. on milk and buttiw, 2x8« 
~On bile, 269 

Thermometers for regiftcring temperatuies 
ia the abfence of the obferver, 213 

Thomas 
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dc Thomonj 301 

^homfon's experiments on Fluids^ 134. 
139* 

^hornhill, Mr. 61 

T. I. n. on the maximnm denlity 0/ 
water, iSo 

Toulinin, 'Mr., on the fuppofed Wcich 
tribe of American Indians, i%t 
Trader:, objc^ionabic, on account of their 
pernicious quali ics, 123 
Trail,•Dr- on the condudhn^ power of 
iluidi, 133 

Traveller, a,^on the ftate of provit ciai 
lucictics fur fLicntiiic and literary ixn- 
piovcfncnr, 267 

Trees, on the lUte in which their fap is 
depo/llcu dining wiircr, 233 
Trcvii*ilck‘» itcam-engincs, i 
Ttomfd<‘’‘f, Al. on obraiiung pare cobalt, 
25S 

Trullcr, Di. on heaMnsfs and weight, 

*5 • 

Tuxigftcin, falfc, J05 
Turf^ obfervations on, 364 

V. 

Vaili, Dr. on the prevention of putrcfac** 
tion, 144 

Vapour, aqueous, applied to the tefining 
of iron, 37 

Vafnilh capable of refi fling the aflions of 
acids on metals, procefs for making, 
ao7 

Vaucher, M. on the feiches of the lake 
of Geneva, 19S 

Vauqudin on ceiitc, 105, icS.v—On 
gtim-arabic and adracanth, z$6 
Vefuvius, eruption of, 222 
Vegetable fubftance, a new, 97 
Vibrations of a balance, on the, 56 
Vieta, 225 

Vinegar manufailovics, 127 
Yon Eityiedet, 35 

W. 

' Wagener's invention for printing charts, 
300 

Wallis, »5 


Water, appaiatus fur railing, by ifleaiis c€ 
condenfed air, i6.*Renuukson Count 
Rumfoid's experiments on the denlitp 
of, 28, 180, 339*—How far ufifui la 
refining of iron, 37.-«*Abrorption 
in foils, 85.>->A bad condu^or of hcaty 
162.—EflVdl ptoduced on by air blown 
from the human lungs, at the depth of 
fi:veral feet below the furface, 2o6.«^‘ 
Forma;ion of by coinpreflioa, 212 
Watcr^blowing machines, 4S.«—-Expend 
ments with 5o.*-Gc;ieral conclufloata 
54 

Water>c]ocks, 363 
Water colours, experiments in, 2<xS 
Weight and heavinefs, not fyifuninioss 
terms, 14 

Welch Indians of Nmth America, ob« 
fervalioiis and.conjedtures relative to, 
181 

Welter's ^paratus for obtaining carbonatit 
of potafh too complicated, 274 
White colour, new defimcioii uf, ix 
Williams, Dr. 190 

W. N. on the burfling of mufquet bar* 
reis by a charge of gun powder con* 
fined with fand, 40.-»On the inviflble 
cmiflion of fleam into the air, 47.**> 
On water-blowing machines, 54«--^iv 
the fcichcsof the Lake of Geneva, 203* 
•^In anfwer to F. A. on improved 
thermomcCets, 217.—On the cootne- 
tion of water by heat, 362 
Wood, on the art of bending, 30 
■■■ ■ felled m autumn or winter more Arm 
than when fufl'ered to ftand till fpring 
or fummer: correction of the general 
opinion as to the caufc, 233 
Woolf, Mr. his improvements in fleam- 
engines, 294, 316 

Wright Elieur, his newly coaftruAed, 
air pump, ^5 
Wyatt, Mr. Samuel, 338 

y. 

Young, Mr. Charles, on the vibration* 
of a balance, 56.—On the enalyfls'of 
foils, 8x , 
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